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Figure 1

Outcome measures of pooled analysis. (A) Flares, changes of prednisone and body mass index (BMI) during

12-month follow-up. (B) Kaplan-Meier curves of flare-free survival and major flare-free survival. P values and HRs were adjusted

for trial using Cox model.

average baseline SELENA-SLEDAI score was 2.2 and the
daily dose of prednisone was 10.2mg at screening. The
metformin arm included 99 patients, of which 36 were
from the proof-of-concept trial and 63 from the Met
Lupus trial; while 102 patients in the placebo/nil arm
consisted of 34 and 68 patients from the two trials, respec-
tively. Baseline characteristics of eligible patients from
two trials and two pooled arms (metformin vs placebo/
nil) were comparable (table 1).

During the 12-month follow-up, 21.2% patients
(n=21) flared in the metformin group, which was signifi-
cantly lower than in the placebo/nil group, which

was 35.3% (n=36) (p=0.027, RR 0.68, 95% CI 0.46 to
0.96). Patients taking metformin also had less major
flares (12.1% vs 23.5%, p=0.035, RR 0.63, 95% CI 0.38
to 0.97) (figure 1A). Flare-free and major flare-free
survival analysis by Kaplan-Meier curve further indi-
cated that metformin reduced disease flares by 45%
(adjusted HR 0.55, 95% CI 0.32 to 0.94) and major flares
by 51% (adjusted HR 0.49, 95% CI 0.25 to 0.99) within
12 months (figure 1B). Specific flare events in the two
arms are listed in online supplemental table S1. There
was no significant difference between the two groups in
the prednisone dose changes from baseline to last visit,

Figure 2 Subgroup and interaction analysis. (A) Forest map for different subgroups. Comparisons of flare-free survival curves
in patients with or without concomitant use of hydroxychloroquine (HCQ) (B), with disease duration <5or >5 years (C), with
baseline status of anti-dsDNA (D) and C3 (E) as indicated. BMI, body mass index.
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whereas the BMI net reduction was more pronounced in
the metformin group (figure 1A).

In order to identify specific subtypes of patients with
SLE who will benefit most from metformin, a subgroup
analysis was performed. Interestingly, patients with nega-
tive anti-dsDNA antibody (HR 0.38, 95% CI 0.15 to 0.98),
normal complement 4 (HR 0.43, 95% CI 0.23 to 0.82) and
normal complement 3 (HR 0.21, 95% CI 0.07 to 0.63)
level in particular (p=0.025 for the interaction) at base-
line showed a better response to metformin in terms of
preventing disease flares. Patients with a disease duration
<5 years (HR 0.41, 95% CI 0.21 to 0.82) and concomitant
use of HCQ (HR 0.54, 95% CI 0.31 to 0.96) also incurred
a better responsiveness to metformin (figure 2A-E).

DISCUSSION

Most of the current SLE clinical trials focus on how to
control active disease,9 10 which leaves the question on
how to prevent lupus flares largely unanswered. This
question, however, is likely to be the key that bridges
active disease control and accrual damage protection.
Metformin, given its good safety profile and very low cost,
becomes an appealing candidate as a secondary preven-
tion tool to reduce SLE flare risk.

This post hoc pooled analyses focused on a group of
SLE with low disease activity but at risk to flare. Two-
thirds of the subjects belonged to the ‘Met Lupus’ trial in
which the participants had had at least one documented
disease flare within the past 12 months. The previous
flare information was lacking for the remaining one-third
of patients. However, patients from both trials share a
similar subsequent annual flare incidence (~30%) and
other baseline clinical features. The rationale for speci-
fying SELENA-SLEDAI <4 in the inclusion criteria for the
current pooled analysis is to enrich a more homogeneous
population, that is, patients with SLE with baseline low
disease activity by definition."" As an informative example,
a recent randomised trial tested the withdrawal of low-
dose prednisone (5 mg/day) in patients with SLE with
a clinically quiescent disease (SELENA-SLEDAI<4). All
participants were flare-free for more than 1 year, and 46%
of them had long-term clinical quiescence (> b-year flare-
free). After prednisone withdrawal, the 12-month flare
incidence increased from 7% to 27%."* In other words,
pursuing higher treatment goals such as glucocorticoid-
free Doris remission'' in patients with an established low
disease activity may subject them to flare risks. Whether
metformin add-on could facilitate achieving these higher
treatment goals in low-activity patients with SLE by
preventing flares is yet to be explored.

Intriguingly, subgroup and interaction analysis identi-
fied that patients with serological quiescence (negative
for anti-dsDNA antibody or normal complement levels)
at baseline had the lowest disease flare incidence when
treated with metformin, especially those with normal
complement 3. As accepted biomarkers reflecting disease
activity, anti-dsDNA antibody and complement levels do

not predict well subsequent flares."” Indeed, our pooled
data demonstrated similar flare incidence between
serological quiescent and serological active patients in
the placebo/nil group (figure 2D,E). This serological-
quiescent-responder pattern of metformin may be rooted
to its unique mode of action, apart from other treat-
ments, such as belimumab where the responders tend
to be serologically active patients.'* This phenomenon
offers a rationale for future investigations on combina-
tion therapies. In fact, according to our data, metformin
may have a synergic effect with HCQ), while no such effect
was observed with other immunosuppressants, such as
with mycophenolate mofetil (data not shown). Of note,
since metformin indirectly blocks mTOR, which is a
canonical target of sirolimus in SLE,IO however, none of
our patients were treated with sirolimus. Therefore, anal-
ysis regarding the possible interaction between these two
agents was unavailable. In addition, the disease duration
<b years was another indicator for metformin response.
The BLISS trials indicated that a damage index (SDI
score) >1 reduced the efficacy of belimumab.'®> Whether
the disease duration reflects the accrual damage over
time, which in turn impacts the metformin response,
deserves further investigation.

Our study has several limitations. First, this post hoc
pooled analyses combining one open-labelled study
and one underpowered RCT requires a cautious inter-
pretation. The caveat is that the evidence it provided
should not surpass strictly designed RCT. In addition,
as we have mentioned previously, our studies were
conducted only with Chinese patients with SLE in
Shanghai, which limits its generalisability. A larger and
longer multicentre trial in different ethnic populations
is warranted.

In conclusion, this post hoc pooled analysis further
confirmed the possible efficacy of metformin in patients
with SLE with low disease activity in regard to preventing
disease flares, especially for serologically quiescent
patients. Moreover, our data may help to shape further
clinical trial design to provide evidence guiding better
management for this very difficult disease.
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Effects of metformin on disease flares in patients with systemic lupus erythematosus:

post-hoc analyses from two randomized trials
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Figure S1. Trial protocol.

Two Randomized

trials were included

Proof-of-concept trial (N=113) Met Lupus trial (N=140)
Metformin (N=56), Nil (N=57) Metformin(N=67), Placebo (N=73)

Exclusion criterion
* Exposure of metformin within 30
days before screening;
History of diabetes mellitus;

Inclusion criterion
Aged > 18 years;
1997 ACR criteria for SLE;
SELENA-SLEDAI < 6;
No BILAG A & <1 BILAG B;
Prednisones 20mg/day+HCQ:IS;
>1 flare episode treated within 1
year before screening

Inclusion criterion

* Exposure of metformin within 30
Aged > 18 years; days before screening;
1997 ACR criteria for SLE; * History of diabetes mellitus;
No BILAG A & <2 BILAG B; « Pregnancy;
Prednisones 30mg/day Current or recent infection;
+HCQ4IS; * CTX/biologicals in recent 6months

ALT/AST>2UNL; GFR<60m/min;
+ Pregnancy or lactation;
CTXin recent 6months or

biologicals in recent 12months

r 1

Inclusion criterion
Aged 2 18 years;
1997 ACR criteria for SLE;
SLEDAI < 4 at screening;

No BILAG A & <1 BILAG B;
Prednisones 20mg/day+HCQ+IS

Exclusion criterion

Exposure of metformin within 30
days before screening;

History of diabetes mellitus;
ALT/AST > 2UNL; GFR < 60ml/min;
Pregnancy or lactation;
CTX/biologicals in recent 6months
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Table S1. Disease flares during the trials.

Metformin (n = 99) Placebo/Nil (n = 102) )/

21 (21.2%) 36 (35.3%) 0.027

Major Flares 12 (12.1%) 24 (23.5%) 0.035
Lupus nephritis 4 9 /
Serositis 0 3 /
Neuropsychiatric SLE 1 2 /
Refractory Arthritis 2 1 /
Refractory Rash 2 0 /
Thrombocytopenia (<60 x10%/L) 1 3 /
Mesenteric Vasculitis 1 1 /
Myositis 1 0 /
Vasculitic Rash 0 2 /
General Condition 0 2 /
Hyperglobulinemia 0 1 /

Mild-to-moderate 9 12 0.54
Rash 1 4 /
Arthritis 2 3 /
General Condition 2 3 /
Oral Ulcer 1 0 /
Proteinuria 1 1 /
Thrombocytopenia (<60 x10%/L) 1 1 /
Cytopenia 1 0 /
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