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Abstract

To evaluate the efficacy and safety of total glucosides of peony (TGP) in adults with primary Sjogren’s syndrome (pSS). A multi-
center, randomized, double-blinded, placebo-controlled study was conducted between March 2012 and July 2014 at ten Chinese
hospitals. In total, 320 pSS patients—classified according to the 2002 American-European Consensus Group Criteria—were
randomized (2:1 ratio) to receive TGP(600 mg, tid) in the TGP group or placebo for 24 weeks in the placebo group. Study personnel,
investigators, and patients were blinded to the treatment grouping. The primary endpoint was the improvement of EULAR Sjogren’s
Syndrome Patient Reported Index (ESSPRI) at week 24. The secondary endpoints were dry eyes/mouth/skin/nose/throat/vagina
visual analogue scale (VAS), pain and discomfort VAS, fatigue VAS, mental discomfort VAS, patient global assessment (PGA),
EULAR Sjoégren’s Syndrome Disease Activity Index (ESSDAI), Schirmer’s test, basal/stimulated salivary flow-rate values, and
erythrocyte sedimentation rate (ESR). All adverse events were recorded during the trial period. ESSPRI improved more in the TGP
than the placebo group (p < 0.001). Dry eyes/throat/vagina VAS, fatigue VAS, mental discomfort VAS, PGA, Schirmer’s test, and
ESR also improved more in the TGP group than in the placebo group (all p < 0.05). Stimulated salivary flow-rate values increased in
the TGP group at week 12 but not at week 24. Adverse events in TGP group were 10.9%. TGP can alleviate some dryness symptoms
as well as disease activity in pSS patients over 24 weeks. TGP was well tolerated by study subjects. TGP seems to be an effective and
safe treatment for pSS.
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Introduction

Sjogren’s syndrome (SS) is a systemic autoimmune disease
characterized by dryness of the eyes and mouth [1]. SS is a
highly prevalent rheumatologic disease that is predominant in
females [2]. Around a third of SS patients have extraglandular
systemic involvement, and SS patients with evidence of other
autoimmune rheumatic disease are classified as secondary SS,
while those without are considered to have primary SS (pSS)
[3]. The pathology of the disease is not completely un-
derstood, but chronic inflammatory infiltration in the
exocrine glands is the pathological hallmark of pSS.
Production of inflammatory cytokines also increases.
IL-17 has been shown to be a dominant cytokine linked
to immunopathogenesis in the minor salivary glands of
pSS patients and plays a role in corneal barrier disrup-
tion in murine models [4, 5]. Moreover, Th17 cells play
a critical role in the pathogenesis of experimental Sjogren’s
syndrome [6].

Current treatments mainly include supplemental treatments
and systemic treatments. Pilocarpine, cevimeline, 0.05% cy-
closporin A eye drops, and 0.1% fluorometholone eye drops
can improve symptoms and tear secretion, and nebulized iso-
tonic saline can improve the vocal production of SS patients
[2, 7-9]. However, glucocorticoids and immunosuppres-
sants—such as methotrexate (MTX), leflunomide (LEF),
and hydroxychloroquine (HCQ)—or biological agents did
not improve symptoms of dryness in patients with pSS
[10—12]. In addition, evidence supporting the use of disease-
modifying drugs is limited. Recent studies have shown that
the effects of MTX on dry eyes and dry mouth are not fully
known [10], and that HCQ is ineffective at treating dry mouth
[11]. LEF, azathioprine, and mycophenolate mofetil all had no
effect on dry mouth or dry eyes [13—15]. Cyclophosphamide,
corticosteroids, and other immunosuppressants are used more
to address organ involvement. As for biological agents, ritux-
imab was observed to be effective for treating extraglandular
manifestations in uncontrolled studies and to have a modest
effect on SS symptoms [16], but a randomized, placebo-con-
trolled, parallel-group trial indicated that rituximab had no
effect on the variables associated with dryness [11]. A recent
study suggested that EULAR Sjogren’s Syndrome Patient
Reported Index (ESSPRI) decreased significantly during
abatacept treatment but increased post-treatment. Moreover,
salivary and lacrimal gland function did not change during
treatment [17]. The BELISS open-label phase II study sug-
gested that belimumab did not change salivary flow rates or
Schirmer’s test results for pSS patients [18]. Actually, these
immunosuppressants are used to address the extraglandular
manifestations of pSS as well as organ-specific involvement.
In addition to the uncertainty regarding efficacy, adverse ef-
fects may also occur in patients using immunosuppressants
and biological drugs.
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Paeonia lactiflora pall (also called the “Chinese peony”)
has a long history of use in Chinese medicine for the treatment
of various diseases, such as rheumatoid arthritis and systemic
lupus erythematosus [19]. Total glucosides of peony (TGP)
are extracted from the root of the Paeonia lactiflora pall. In
1998, TGP was approved by the Chinese State Food and Drug
Administration for the treatment of rheumatoid arthritis. TGP
has been demonstrated to have immunomodulatory effects. In
previous studies, TGP inhibited dendritic cell maturation and
function by selectively blocking TLR4/5 activation, sequen-
tially leading to the impairment of Th1l and Th17 differentia-
tion and of associated cytokines in vivo. This impairment, in
turn, led to anti-inflammatory and anti-rheumatic effects [20,
21]. In non-obese diabetic (NOD) mouse models, TGP has
been demonstrated to be effective in delaying the onset of
Sjogren’s syndrome-like disease [22]. Moreover, TGP might
improve the saliva secretion of salivary glands and patholog-
ical damage of submandibular glands by upregulating AQP-5
and its mRNA expression in submandibular glands [23]. Open
trials have demonstrated that TGP is effective at improving
saliva and tear flow rates and reducing inflammatory markers
[24, 25]. A pilot randomized controlled trial on a small study
sample suggested that TGP would also be beneficial in the
treatment of SS [26]. However, no systematic, large scale,
randomized controlled study has been conducted on the effect
of TGP on pSS.

The purpose of this multi-center, randomized, double-
blinded, placebo-controlled clinical trial was to evaluate the
efficacy and safety of TGP in the treatment of pSS.

Materials and methods
Patients

This multi-center, double-blinded, randomized, placebo-
controlled trial recruited patients between March 2012 and
July 2014 from ten hospitals in China to evaluate the efficacy
and safety of TGP. This study was conducted in accordance
with the Declaration of Helsinki and approved by the Ethics
Review Board of China-Japan Friendship Hospital (approval
number 2012-14). Approval was also obtained from Tianjin
Medical University General Hospital, Xi-Jing Hospital, Anhui
Medical University Affiliated Provincial Hospital, The First
Affiliated Hospital of Bengbu Medical College, and The First
Affiliated Hospital of Nanjing Medical University. All sub-
jects provided written informed consent for participation be-
fore study enrollment. The protocol was registered on the
Chinese Clinical Trial Registry (ChiCTR-TRC-12002325).
Study subjects were considered for inclusion in the study if
they fulfilled the inclusion criteria: (1) diagnosed with pSS
according to the 2002 American-European Consensus Group
international classification criteria for pSS [3]; (2) newly
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diagnosed or had previously been treated; (3) between 18 and
75 years old; (4) with symptoms of dry eyes and dry mouth;
and (5) autoantibody positive (ANA or anti-SSA or anti-SSB
or RF), and/or erythrocyte sedimentation rate (ESR) > 25 mm/
h, and/or hypergammaglobulinemia.

Exclusion criteria included (1) pregnancy (including pre-
pregnant and lactating women); (2) stimulated salivary flow
rates less than 0.15 mL/min; (3) active liver disease or evi-
dence of abnormal liver function (ALT, AST, and TBIL more
than 1.5 times the upper limit of normal); (4) impaired renal
function (serum creatinine > 133 mmol/L or 1.5 mg/dL);
(5) patients with neutrophil levels less than 3.0 x 10°/L,
severe anemia (hemoglobin less than 80 g/L), or platelet
counts less than 80 x 10°/L; or (7) any other chronic
disease evidence of significant extra-glandular manifes-
tations. Subjects were not permitted to use immunosup-
pressive agents, corticosteroids, biological agents, or gland
stimulators (glandular secretion agonists) within 3 months pri-
or to enrollment.

Study design

Patients were randomly assigned to be treated either with oral
TGP, in the TGP group, or with placebo, in the placebo group,
in a 2:1 ratio. This ratio was used for ethical reasons, because
we considered it likely that patients would benefit from the
treatment. All study personnel, investigators, and patients
remained blinded to the treatment group throughout the study,
which was allowed in principle.

Randomization was achieved by computer-generated ran-
dom allocation sequences prepared by the statistics depart-
ment at Boon Pharmaceutical Research, Ltd., China. Drugs
were uniformly packaged and distributed according to the
random allocation sequence. The random coding was the
unique identifier for each recruited patient. Each medication
sample was distributed with an emergency note as decode.
The randomization key was sealed separately in duplicate
and given to the relevant clinical trial and statistical entities.
After the end of the study, the blind was removed by statistical
analysts, researchers, and staff who had access to the random-
ization key. All patients received the same dosage of TGP or
placebo, 600 mg, tid.

The TGP capsule was 0.3 g and contained glucosides of
peony no less than 104 mg. The capsule was provided by
Ningbo Lansen Pharmaceutical Co. Ltd. Ningbo, China. The
dose was two capsules twice or three times a day. As the
efficacy might be associated with dose to a certain degree,
and the incidence of adverse effects was also likely to correlate
to the dose (including soft stools and increased number of
defecation), the dose was designed as two capsules
twice a day for the first week, and increased to two capsules
three times a day, which was in accordance with the manufac-
turer’s instructions.

Outcomes

The primary endpoint was ESSPRI at week 24. The secondary
endpoints were based on dry eye/mouth/skin/nose/throat/va-
gina visual analogue scale (VAS) scores, pain discomfort VAS
score, mental discomfort VAS score, fatigue VAS score, and
patient global assessment (PGA) (normal-severe, 0-10) at
each follow-up. Schirmer’s test values, basal salivary flow rate
values, stimulated salivary flow rate values, and EULAR
Sjogren’s Syndrome Disease Activity Index (ESSDAI) were
evaluated at weeks 12 and 24. ESR values and serum immu-
noglobulin (IgG, IgA, and IgM) levels were also measured at
each follow-up.

Each follow-up examination was undertaken in the outpa-
tient departments, at weeks 4/8/12/18/24 + 5 days. There were
some differences among follow-up examinations, some mea-
surements were recorded every time; however, some measure-
ments were only recorded at baseline, week 12 and week 24.

All adverse events were recorded at each visit from base-
line to week 24. These included any symptom, syndrome, or
disease that affected the health of patients and occurred during
the observation process, including any situation discovered by
laboratory analysis or other diagnostic process, such as un-
planned measures that needed to be undertaken, leading to
exit from research, or abnormal results found by laboratory
examination with clinical significance. The severity criteria of
adverse effects were classified as follows: mild: the symptom
and sign could be perceived by patients but were tolerable and
did not affect their daily lives. Moderate: uncomfortable and
the patient’s daily life was affected; however, their daily ac-
tivities were not affected. Severe: the patient’s daily activities
were affected and were not conducted.

Statistical analysis

The sample size was calculated based on previous studies that
the efficacy of TGP was 50%, and the efficacy of placebo was
20to 30%, x =0.05 and {3 = 0.2; the number of patients in the
treatment group was 174 and the placebo group was 87.
Considering the complex nature of clinical practice, a total
of 300 patients were recruited (200:100 for treatment and pla-
cebo), which exceeded the calculated number. Data were an-
alyzed as intent to treat. All randomly assigned patients who
did not withdraw before the first treatment were included in
the efficacy analysis. Missing data for the primary end point
were treated by last observation carried forward (LOCF).
Study data was captured through an Electronic Data Capture
Boon EDC®, and source data and was verified by the study
coordinator(s). Data were presented as mean (standard devia-
tion (SD), range). SAS version 9.3 (SAS Institute, Cary, North
Carolina) was used for statistical analyses. A normal distribu-
tion was not assumed, and therefore, the Wilcoxon rank sum
test was used for statistical analysis. The two-sided Wilcoxon
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signed rank test was used for intra-group change from baseline
analysis and Wilcoxon rank sum test was used for inter-group
comparisons. p values less than 0.05 were considered statisti-
cally significant. As for ESSPRI and the other VAS scores, we
used Bonferroni method for multiple comparisons, p values
less than 0.01 were considered statistically significant.

Results
Baseline characteristics

Three hundred twenty patients with pSS were screened at ten
hospitals, and 314 patients were eligible to participate in the
study and were randomly assigned to either the TGP group or
the placebo group. In total, 211 patients received TGP treat-
ment and 103 patients received the same dose of placebo. The
data analysis set was the full analysis set, and the rate of
missed follow-up was less than 20%. The patients who
discontinued were due to adverse events, which occurred
more often in the TGP group and were mainly gastrointestinal
adverse reactions (Fig. 1). Baseline characteristics of the two
groups were similar (Table 1).

Efficacy
1. ESSPRI

The primary outcome was the difference of ESSPRI at
week 24 from baseline. ESSPRI of the TGP and placebo
group declined from 3.30 (SD 1.89) and 3.09 (SD 1.77) to
2.57 (SD 1.80) and 2.66 (SD 1.80) at week 24, respectively
(Fig. 2a). Improvement of the TGP group as shown by the
decrease of ESSPRI from baseline was significantly higher
than that of the placebo group at week 24 (p < 0.001).

2. VAS scores

Figure 2b and Supplementary Fig. 1 show dry eye VAS and
fatigue VAS, and PGA of the TGP group were significantly
improved compared with those of the placebo group at weeks
24 (p=0.001, p<0.001 p=0.004, respectively). The signifi-
cant differences were found in dry mouth VAS, dry throat
VAS, dry vagina VAS, and mental discomfort VAS between
the two groups at week 24 (p=0.019, p=0.027, p=0.022,
p=0.018, respectively), nevertheless, the differences were no
longer significant after Bonferroni correction.

3. Schirmerss test
Figure 3 shows that Schirmer’s test results for tear secretion

of'the left and right eyes exhibited an increasing trend at weeks
12 and 24. The increase of the Schirmer’s test results of the
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TGP and placebo group were 1.17 (SD 6.57) and 0.63 (SD
7.02) at weeks 12, respectively and 3.09 (SD 6.58) and 1.06
(SD 5.54) at week 24, respectively. There was a significant
difference between the two groups at week 24 (p =0.034).

4. Salivary flow rate

Obvious changes in basal salivary flow rate after treatment
were not observed in either the TGP or placebo group at
weeks 12 and 24. However, the increase of stimulated salivary
flow rate of the TGP and placebo groups were 0.09 (SD 0.37)
and 0.04 (SD 0.42) at week 12, respectively and 0.17 (SD
0.40) and 0.12 (SD 0.40) at week 24, respectively. The im-
provements of the TGP group were significantly higher than
those of the placebo group at week 12 (p =0.027). However,
no significant difference was shown between the two groups
at week 24 (p =0.083) (Fig. 4).

5. ESSDAI scores

There are 12 items in ESSDALI, but as this study included
only milder pSS patients without severe organ involvement,
only three domains (constitutional, lymphadenopathy, and
glandular) of the ESSDAI were covered here. There were no
significant differences between the ESSDAI scores of the
TGP and placebo groups at any of the follow-up points (data
not shown).

6. IgG

The TGP group experienced significant decreases in IgG
levels from baseline levels. Serum IgG levels at baseline,
week 12 and week 24, were 21.4 g/L (SD 5.8), 19.1 g/L (SD
5.0), and 19.8 g/L (SD 5.8), respectively. Decreases in IgG
were —2.1 g/L (SD 7.3) and — 1.1 g/L (SD 4.0) at weeks 12
and 24, respectively. There were no significant differences
between the magnitudes of the IgG decreases of the two
groups. In addition, serum IgA and IgM levels after treatment
had not obviously improved by weeks 12 and 24 (data not
shown).

7. ESR

At week 24, ESR of the TGP group and placebo group
decreased from 39.6 (SD,18.9) and 36.8 (SD 20.3) to 29.6
(SD,15.9) and 34.0 (SD 19.3). ESR was significantly de-
creased in TGP group compared with placebo group at week
24 (p=0.016).

8. Adverse events

Table 2 reports all adverse events that occurred during this
trial. There were 23 patients (10.9%) who reported adverse
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Fig. 1 Flow chart of the study of
TGP for treatment of primary
Sjogren’s syndrome. A total of
320 patients were assessed, and
314 patients were randomized:
211 to TGP and 103 to placebo
group. At week 24, 170 patients
in TGP and 88 patients in placebo
group completed the study

events in the TGP group, and 3 patients (2.9%) reported ad-
verse events in the placebo group. In the TGP group, the
adverse events reported by 12 patients were considered
to be related to the TGP treatment. Adverse reactions to
TGP included gastrointestinal discomfort and diarrhea.

Table 1 Baseline characteristics

| Patients assessed (n=320 )I

6 Excluded

(did not meet criteria)

| Patients who meet criteria (n=314 )I

| Randomly assigned |
|

2

Assigned to TGP group (n=211) |

| Assigned to placebo group (n=103)

At week 4 (n=192)
10 lost to follow-up

3 had adverse events)

Discontinued intervention (6 patient decision;

At week 4 (n=98)
4 lost to follow-up
Discontinued intervention (1 patient decision)

¥ i
At week 12 (n=180) _
4 lost to follow-up At week 8 (n=95)
Discontinued intervention (4 had an adverse event) 3 lost to follow-up

v v
At week 8 (n=188) At week 12 (n=89)
1 lost to follow-up 6 lost to follow-u
Discontinued intervention (3 had adverse events) b

A

At week 18 (n=173)
2 lost to follow-up At week 18 (n=86)
Discontinued intervention (3 patient decision; 3 lost to follow-up
2 had adverse event )

\: !

Analysis at week 24 (n=170)
3 lost to follow-up

Analysis at week 24 (n=88)

Among these 12 patients, two patients discontinued
TGP use due to intolerance. In addition, 10 patients
discontinued TGP use due to other adverse reactions unrelated
to TGP treatment. No severe adverse events were observed
during the study.

Characteristic TGP (n=211) Placebo (n=103) p value
Mean (SD) age, years 48.9 (12.2) 47.5 (11.3) 0.339
Mean(SD) time since diagnosis, years 36.0 (59.7) 36.1 (41.4) 0.984
Women, 1 (%) 205 (97.2) 96 (93.2) 0.343
Mean(SD) ESSPRI score 3.30 (1.88) 3.10 (1.77) 0.403
Mean(SD) dryness VAS score (0—10)
Eyes 4.93 (2.49) 4.87 (2.32) 0.682
Mouth 5.77 (2.36) 5.552.22) 0.476
Nose 2.41 (2.58) 247 (2.53) 0.692
Throat 3.06 (2.94) 2.78 (2.75) 0.543
Skin 2.77 (2.64) 2.83(2.43) 0.556
Vagina 2.25(2.73) 1.93 (2.54) 0.355
Mean(SD) pain discomfort VAS score (0—10) 3.11 (2.45) 2.89 (2.40) 0.451
Mean(SD) fatigue discomfort VAS score (0—10) 3.25(2.31) 2.99 (2.27) 0.342
Mean(SD) mental discomfort VAS score (0—10) 2.64 (2.27) 2.53 (2.40) 0.557
Mean(SD) PGA VAS score (0-10) 4.56 (1.95) 448 (1.63) 0.77
Mean(SD) Schirmer’s test result, mm 10.47 (7.00) 9.36 (5.69) 0.566
Mean(SD) basal salivary flow rate, mL/min 0.36 (0.31) 0.39 (0.37) 0.703
Mean(SD) stimulated salivary flow rate, mL/min 1.05 (0.61) 1.08 (0.59) 0.556
Mean(SD) ESR, mm/h 39.6 (18.9) 36.8 (20.3) 0.158
Mean(SD) immunoglobulin level (IgG), g/L 21.4 (5.8) 21.7 (5.1) 0.413
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Fig. 2 a Difference from baseline
(») in ESSRPI at weeks 4, 8, 12,
18, and 24. p < 0.01 is considered
significant after Bonferroni
adjustment between TGP and
placebo groups. b Difference
from baseline in dry eyes VAS,
dry mouth VAS, fatigue VAS, and
PGA at weeks 4, 8, 12, 18, and
24. p<0.01 is considered
significant after Bonferroni
adjustment between TGP and
placebo groups

Discussion

In this study, we focused on pSS patients who did not exhibit
significant extra-glandular manifestations to observe the effi-
cacy and safety of TGP for the treatment of pSS. The results
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Table 2 Adverse events during the 24-week study period
Variable Patients, 1 (%)
TGP (n=211) Placebo (n=103)
Adverse event
Gastrointestinal discomfort 2(0.95)
Diarrhea 10 (4.74) 1(0.97)
Abnormal liver function 3(1.42) 1(0.97)
Leukopenia 1(0.47)
Thrombocytopenia 1(0.47)
Skin ulcer 1(0.47)
Allergies, skin rash 1(0.97)
Hypergammaglobulinemia 1(0.47)
Skin purpura 1(0.47)
Ovarian cyst 1(0.47)
Renal colic 1(0.47)
Renal calculus 1(0.47)
Total events 23 (10.9) 3(2.9)

profile was well accepted. All these results suggest that TGP
has an obvious therapeutic effect on mild-to-moderate pSS, at
least during a 24-week course of therapy.

Symptomatic treatments are currently the main approach
for the treatment of pSS, but the results of these treatments
have so far been disappointing and novel treatments are need-
ed [27]. A pilot study suggested that TGP may be a beneficial
treatment for pSS, but found no difference in ESSPRI between
treatment and placebo groups; however, there was a difference
in stimulated and unstimulated salivary flow rates [26]. We
observed that ESSPRI of the TGP group had significantly
improved not only at week 24, but also at each follow-up
compared with those of the placebo group in this 24-week
study. Furthermore, eye dryness symptoms of the TGP group
were significantly improved at all follow-up points, and im-
proved at weeks 8 and 24 after Bonferroni correction. In ad-
dition, tear secretion of the TGP group had increased signifi-
cantly compared with that of the placebo group at week 24,
according to Schirmer’s test results. There were no obvious
changes in the basal salivary flow rates of either group.
However, significant differences were observed in the stimu-
lated salivary flow rates between the two groups at week 12.
Moreover, throat dryness symptoms lightened at weeks 4 and
8. Mouth and skin dryness symptoms also had a tendency of
improvement. Previous study has also demonstrated that TGP
could improve the patient’s sleep, appetite, physical strength,
and other general conditions, to significantly improve the
quality of life of patients [28]. In our study, we also found
fatigue symptoms had greatly relieved during all trial period.
PGA had decreased at several follow-up points including
week 24. These results suggest that TGP alleviates some dry-
ness and discomfort symptoms.

In addition, IgG levels had decreased after TGP treat-
ment, but there was no significant difference between
the two groups. In this study, ESR was obviously de-
creased in the TGP group at week 24. This finding
suggests that TGP has an effect on the inflammation
resulting from pSS.

TGP has been used in clinical practice for more than
10 years, and its adverse effects were mild. Previous study
reported the incidence of adverse effects was 14.3% [28].
The main adverse effects were gastrointestinal reactions and
diarrhea. These adverse effects could be relieved after contin-
uous administration in most patients, and in some patients,
these could be remitted by dosage reduction or drug with-
drawal. The same results were observed in our study.
Adverse events in TGP group was 10.9%, and the main
adverse event was diarrhea at a rate of 4.8%. No seri-
ous adverse effects recorded, and the patients tolerated
TGP treatment well.

There are some limitations to this research. Firstly, patho-
logic change is a gold standard in diagnosis and disease activ-
ity. However, a pathologic study was not performed before or
after treatment in this study. Secondly, SS is a chronic disease
and requires long-term treatment. The observation period of
this study was 24 weeks, and a longer follow-up study
should be performed to ensure that TGP can offer long-
term benefits for pSS patients. Further study should in-
volve longer observation periods and explore the mechanism
of action of TGP in SS.

This first multi-center, randomized, double-blinded,
placebo-controlled clinical study confirms that TGP is effec-
tive, safe, and well-tolerated in the treatment of pSS.
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