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Background: Lymphoplasmapheresis (LPE) is a new therapy developed on the 
basis of traditional plasma exchange (PE) in combination with leukapheresis. 
Currently, it remains unclear whether PE and LPE show differences in efficacy for 
severe MG.

Methods: A retrospective analysis was conducted on 198 MG patients, 75 in the PE 
group and 123 in the LPE group, and the patients’ Myasthenia Gravis Foundation 
of America (MGFA) Clinical Classification was Class IV. The treatment outcome 
was the change in Quantitative Myasthenia Gravis Score (QMGS) from baseline 
to the end of treatment. Propensity score matching (PSM) was applied for the 
balance of confounders between the two groups.

Results: In this study cohort, the safety profile of LPE and PE was good and no 
serious adverse events were observed. Based on PSM, 62 patients treated with LPE 
and 62 patients treated with PE were entered into a comparative efficacy analysis. 
In the PE group, patients underwent a total of 232 replacements, with a mean of 
3.74. PE significantly improved the patients’ QMGS performance, with the mean 
QMGS decreasing from 22.98 ± 4.03 points at baseline to 18.34 ± 5.03 points after 
treatment, a decrease of 4.68 ± 4.04 points (p < 0.001). A decrease of ≥3 points 
in QMGS was considered a significant improvement, with a treatment response 
rate of 67.7% in the PE group. In the LPE group, patients received a total of 117 
replacements, with a mean of 1.89. The patients’ mean QMGS was 23.19 ± 4.11 
points at baseline and was 16.94 ± 5.78 points after treatment, a decrease of 
6.26 ± 4.39 points (p < 0.001). The improvement in QMGS was more significant in 
patients treated with LPE compared to the PE group (p = 0.039). The treatment 
response rate in the LPE group was 79%, which was not significantly different 
compared to the PE group (p = 0.16). The LEP group had a shorter mean length of 
stay compared to the PE group (10.86 ± 3.96 vs. 12.14 ± 4.14 days), but the difference 
was not statistically significant (p = 0.13). During the 2-month follow-up period, 
LPE may be associated with better functional outcomes for patients, with lower 
QMG score and relapse rate. LPE and PE were both effective in reducing the levels 
of inflammatory cytokines (TNF-α, IL-1β, and IL-6) and AChR-Ab. Compared to PE, 
LPE was superior in the reduction of AChR-Ab titer.

Conclusion: In severe MG, LPE may be a more preferred treatment option than 
PE. It achieves treatment outcomes that are not inferior to or even better than 
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PE with fewer replacements. This study provides further evidence to support the 
application of LPE as a new treatment option for MG.
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1. Introduction

Myasthenia gravis (MG) is an acquired autoimmune disease 
involving the postsynaptic membrane of the neuromuscular junction 
(1). Currently, it is believed that the presence of autoantibodies (Abs) 
targeting the acetylcholine receptor (AChR), muscle specific kinase 
(MuSK), and low-density lipoprotein receptor-related protein 4 
(LRP4) is the main driving factor for the pathophysiological processes 
in most patients (2). Additionally, autoantibodies to muscle-related 
proteins, such as titin-Ab and ryanodine receptor (RyR)-Ab, have 
been detected in some patients (3). MG is characterized by fluctuating 
muscle weakness, with ocular muscles typically being the first to 
be affected (ocular myasthenia gravis, OMG), with diplopia and ptosis 
(4). Most patients’ condition gradually progresses within a few years, 
with generalized symptoms (generalized myasthenia gravis, gMG), 
involving facial, neck, limb, and bulbar muscles symmetrically, 
resulting in difficulty in raising head, weakness of limbs, dysphagia, 
and dysarthria (5). In severe cases, respiratory muscle paralysis may 
occur (myasthenia crisis), which is life-threatening (6).

In patients with severe MG, not only is the ability to perform daily 
life severely impaired, but life-threatening myasthenia crisis may also 
occur, greatly increasing the disease burden of patients. Therefore, 
rapid improvement in symptoms is crucial for patients with severe 
MG. Currently, plasma exchange (PE) and intravenous 
immunoglobulin (IVIG) are the first-line treatment options to achieve 
rapid clinical response in severe MG (7, 8). PE is a therapeutic 
procedure in which a patient’s plasma is separated and removed from 
the blood by a medical device and replaced with a colloidal solution 
(plasma and or albumin) or a combination of colloidal/crystal solution. 
The effective removal of pathogenic factors (autoantibodies, etc.) from 
the patient’s plasma during this process is the main mechanism of PE 
treatment for autoimmune diseases (9). Currently, it is considered that 
PE may be a better choice compared to IVIG for the therapy of severe 
MG, with a better efficacy and faster onset of action (10).

Lymphoplasmapheresis (LPE) is a new therapy that combines 
lymphocyte apheresis and traditional PE. Compared with PE, it 
removes not only soluble pathological immune factors such as 
adhesion molecules, complements, cytokines, and autoantibodies 
from the plasma, but also immunoreactive cells such as sensitized B 
and T lymphocytes, resulting in more effective and sustained control 
of pathological immune responses (11). The efficacy of LPE has been 
demonstrated in several autoimmune diseases, such as steroid-
resistant neuromyelitis optica spectrum disorders, Guillain-Barré 
syndrome, and refractory severe autoimmune skin diseases (11–14). 
The results of previous study at our center have shown that LPE is a 
safe and effective treatment for the exacerbation of MG (15), but it is 
currently unclear whether it is superior to PE. Thus, this study aimed 
to compare the therapeutic effect of LPE and PE in severe MG, in 
order to provide further reference for the application of LPE in MG.

2. Methods

2.1. Data sources

The initial study cohort included 236 patients with severe MG 
who were treated with PE or LPE from November 2016 to January 
2022 at the Department of Neurology, Xiangya Hospital, Xiangya 
Second Hospital, and Changsha First Hospital. The diagnosis basis of 
MG was as follows: (1) typical symptoms of muscle weakness 
(fluctuating and easy fatigability). (2) positive test for MG-related 
autoantibodies. Electromyography and neostigmine test were applied 
to assist the diagnosis of antibody-negative cases (6). In this study, the 
definition of severe MG was that the patient’s Myasthenia Gravis 
Foundation of America (MGFA) Clinical Classification was Class IV 
(16). The MGFA Clinical Classification indicates the severity of 
disease, with Class IV suggesting severe involvement of muscle 
groups. 38 patients were excluded due to incomplete clinical 
information. Thus, 198 patients were incorporated into the final study 
cohort, including 123 patients receiving LPE treatment and 75 patients 
receiving PE treatment.

The data including demographic characteristics and MG-related 
clinical information were collected. The data on immunological 
indexes at baseline and after intervention were also collected (some 
patients were missing), including AChR-Ab (LPE group, n = 47; PE 
group, n = 41), TNF-α (LPE group, n = 52; PE group, n = 56), IL-6 
(LPE group, n = 52; PE group, n = 56), and IL-1β (LPE group, n = 52; 
PE group, n = 56). The time points for the collection of 
immunological indicators were within 3 days before and after LPE 
or PE treatment. The reports of treatment-related adverse events 
were collected for clinical safety assessment. In addition, data were 
collected for the follow-up period, including Quantitative 
Myasthenia Gravis (QMG) scores and relapses. In this study, relapse 
was defined as the patient’s re-hospitalization due to the 
deterioration of MG. The Ethics Committees of Xiangya Hospital, 
Xiangya Second Hospital, and Changsha First Hospital approved 
this study protocol.

2.2. LPE and PE procedure

LPE was performed as previously described (12, 13, 17). In each 
procedure, about 0.7–0.8 plasma volume (20–25 ml/kg) was replaced 
by the fresh frozen plasma with an equal volume, and 2–3 × 10^9 
lymphocytes were removed. The LPE regimen was 1 procedure 
conducted every 3 days, with 1–3 procedures in total. PE was 
performed according to the standard procedures (18, 19), with a 
replacement of approximately 1–1.5 times plasma volume (35–40 ml/
kg) each procedure. The PE course consisted of 3–5 procedures, once 
every other day.
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2.3. Synchronous therapy regimen

During the treatment of LPE or PE, long-term immunosuppressive 
maintenance therapy with corticosteroids and/or non-steroidal 
immunosuppressants was administered simultaneously (Table 1). The 
initial dose of corticosteroids (prednisone) was 20 mg/day, increasing 
by 5 mg every 3 days to 1 mg/kg/day for maintenance. It was 
permissible to use acetylcholinesterase inhibitors (AChEIs), such as 
pyridostigmine bromide tablet. A high-dose corticosteroid pulse was 
not given to any of the patients during either the LPE or PE phases of 
treatment. Additionally, patients with co-infections received 
concomitant treatment with sensitive antibiotics.

2.4. Efficacy evaluation

In the evaluation of therapeutic effect, the treatment outcome was 
the change in QMGS from baseline to the end of treatment. The 
QMGS is designed to quantify the severity of disease and consists of 
13 items to assess the function of the ocular, bulbar, limb, and 
respiratory muscles. Each item has a possible score from 0 to 3, with 
a total possible score of 39, with higher scores indicating more severe 
impairment (20). The threshold for determining treatment 
effectiveness was that QMGS was reduced by 3 points or more (21). 
AChEIs were discontinued 6–8 h prior to each scoring, and the time 
points for scoring were within 3 days prior to the initiation of PE or 
LPE and within 3 days after completion. For patients who received 
multiple scores, the baseline score and the last score were used for 
efficacy analysis.

2.5. Statistical analysis

Statistical analysis of this study was performed using SPSS 26.0 
software (IBM, USA). Categorical variables were expressed as counts and 
percentages. Continuous variables were expressed as mean ± standard 
deviation (SD). Paired t-test or Wilcoxon signed-rank test were applied 
for the comparison of immune indicators and QMGS before and after 
intervention. Two-sample t-test or Mann–Whitney U test was used for 
the comparison of quantitative data between the two groups, and 
chi-square test or Fisher exact test was used for the comparison of 
qualitative data. Propensity score matching (PSM) was used to equalize 
the confounders between the two groups with a matching ratio of 1:1 and 
a matching tolerance of 0.03. In this study, p < 0.05 was used as the cut-off 
value for statistically significant differences.

3. Results

3.1. Baseline characteristics

Figure 1 demonstrates the workflow of this study. The clinical 
features of the included patients are summarized in Table 1. Both the 
PE and LPE groups were predominantly female, accounting for 72.0% 
and 61.8%, respectively. The mean age of LPE group was 
45.24 ± 16.12 years old, and that of PE group was 46.63 ± 15.95 years 
old. 20.3% (25 cases) of patients in the LPE group were accompanied 
by thymoma, and the proportion in the PE group was 22.7% (17 

cases). The proportion of patients with a history of thymectomy was 
22.8% (28 cases) in the LPE group and 22.7% (17 cases) in the PE 
group. The baseline QMGS of LPE group was 23.40 ± 4.25 points, and 
that of PE group was 23.03 ± 4.03 points. Regarding the autoantibodies 
related to MG, the AChR-Ab was identified in the majority of patients 
in both groups, accounting for 89.4% (LPE group) and 92% (PE 
group), respectively. On a synchronous oral immunotherapy regimen, 
more patients in the PE group received prednisone monotherapy 
compared with the LPE group (24.0% vs. 7.3%, p = 0.001). In the LPE 
group, more patients were treated with a combination of prednisone 
and tacrolimus (71.5% vs. 54.7%, p = 0.016), which was considered to 
be related to clinical medication preferences in different centers. In 
addition, the mean length of hospital stay was 11.85 ± 4.27 days for 
patients in the PE group and 11.26 ± 4.19 days for patients in the LEP 
group, with no significant difference (p = 0.34).

3.2. Comparison of the efficacy between 
PE and LPE

We further compared the efficacy of LPE and PE. In order to 
eliminate the interference of potential confounding factors on the 

TABLE 1 Baseline characteristics of patients in PE and LPE groups before 
propensity score matching.

Characteristics PE 
(n = 75)

LPE 
(n = 123)

p 
value

Gender (female) (n, %) 54 (72.0%) 76 (61.8%) 0.14

Age (years, mean ± SD) 46.63 ± 15.95 45.24 ± 16.12 0.56

Disease duration (month, mean ± SD) 48.92 ± 68.50 46.64 ± 71.28 0.76

Thymoma (n, %) 17 (22.7%) 25 (20.3%) 0.70

Thymic hyperplasia (n, %) 3 (4.0%) 4 (3.3%) 0.78

History of thymectomy (n, %) 17 (22.7%) 28 (22.8%) 0.98

Other autoimmune diseases (n, %) 15 (20.0%) 24 (19.5%) 0.93

Co-infection (n, %) 22 (29.3%) 30 (24.4%) 0.44

Immunotherapy before treatment (n, %) 42 (56.0%) 66 (53.7%) 0.75

History of myasthenic crisis (n, %) 8 (10.7%) 14 (11.4%) 0.88

MGFA IVb (n, %) 63 (84.0%) 101 (82.1%) 0.73

Baseline QMGS (mean ± SD) 23.03 ± 4.03 23.40 ± 4.25 0.54

AChR-Ab (n, %) 69 (92.0%) 110 (89.4%) 0.55

MuSK-Ab (n, %) 1 (1.3%) 4 (3.3%) 0.40

Titin-Ab (n, %) 20 (26.7%) 26 (21.1%) 0.37

RyR-Ab (n, %) 10 (13.3%) 15 (12.2%) 0.82

Simultaneous oral immune drugs (n, %)

Prednisone monotherapy 18 (24.0%) 9 (7.3%) 0.001**

Prednisone and tacrolimus 41 (54.7%) 88 (71.5%) 0.016*

Prednisone and mycophenolate mofetil 5 (6.7%) 10 (8.1%) 0.71

Prednisone and azathioprine 3 (4.0%) 5 (4.1%) 0.98

Tacrolimus monotherapy 5 (6.7%) 8 (6.5%) 0.96

Mycophenolate mofetil monotherapy 2 (2.7%) 3 (2.4%) 0.92

Length of stay 11.85 ± 4.27 11.26 ± 4.19 0.34

*p < 0.05, **p < 0.01.
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analysis, we first performed the propensity score matching between 
the two groups, and 62 pairs of patients were successfully matched. No 
significant differences in baseline characteristics were identified 
between the two groups after matching (Table 2, p > 0.05). In the PE 
group, patients received a total of 232 replacements with an average of 
3.74; the baseline QMG score was 22.98 ± 4.03 points, and the QMG 
score after PE was 18.34 ± 5.03 points, a decrease of 4.68 ± 4.04 points, 
with statistical significance (Figure 2A, p < 0.001). In the LPE group, 
patients received a total of 117 replacements with an average of 1.89; 
the mean QMG score was 23.19 ± 4.11 points at baseline and was 
16.94 ± 5.78 points after LPE, which decreased by 6.26 ± 4.39 points 
and improved obviously (Figure 2B, p < 0.001). Compared with the PE 
group, patients receiving LPE treatment showed more significant 
improvement in QMG score (6.26 ± 4.39 vs. 4.68 ± 4.04 points, 
p = 0.039, Figure 2C). A decline in QMG score ≥ 3 points was regarded 
as a significant improvement, with a treatment effectiveness rate of 
67.7% (42/62) in the PE group and 79.0% (49/62) in the LPE group, 
with no significant difference between them (Figure 2D, p = 0.16). 
Moreover, the mean length of hospital stay in the LEP group was 
10.86 ± 3.96 days, which was shorter than that in the PE group 
(12.14 ± 4.14 days), but the difference was not statistically significant 
(p = 0.13, Figure 3A). The above results suggest that PE and LPE both 
can effectively improve the symptoms of patients, but LPE 
performed better.

Furthermore, we  further analyzed changes in patients’ QMG 
scores from baseline to 14, 30, and 60 days post-treatment. Due to the 
lack of complete follow-up data, some patients were excluded from 

this analysis, with 13 excluded from the LPE group and 49 patients 
included, and 18 excluded from the PE group and 44 patients included. 
The results indicated that the QMG score of patients after LPE or PE 
treatment showed a gradual decline trend (Figure 3B). No significant 
difference in baseline QMG score was identified between the LPE and 
PE groups (24.18 ± 4.56 vs. 23.71 ± 4.23 points, p  = 0.61). At each 
follow-up time point, the mean QMG score of patients treated with 
LPE was lower than that of patients treated with PE (at 14 days, 
15.02 ± 5.61 vs. 16.86 ± 5.37 points, p = 0.11; at 30 days, 13.00 ± 6.63 vs. 
15.16 ± 6.10 points, p = 0.10; at 60 days, 10.68 ± 5.84 vs. 12.80 ± 5.43 
points, p  = 0.074), but no statistically significant differences were 
found (Figure 3B). In addition, the relapse rate of patients receiving 
LPE treatment was 4.1% (2/49) and that of patients receiving PE 
treatment was 6.8% (3/44), with no significant difference (p = 0.90, 
Figure 3C). These results suggest that LPE may be associated with 
better functional outcomes in patients during follow-up.

3.3. Effects of LPE and PE on inflammatory 
factors and autoantibody

We further assessed the effects of LPE and PE on immune-related 
laboratory indexes. The levels of AChR-Ab (35.60 ± 8.99 vs. 
18.97 ± 6.63 nmol/L, p < 0.001, Figure 4A), TNF-α (20.70 ± 8.81 vs. 
11.10 ± 5.30 pg/ml, p < 0.001, Figure  4B), IL-1β (15.67 ± 10.18 vs. 
9.70 ± 5.85 pg/ml, p < 0.001, Figure  4C), and IL-6 (9.69 ± 3.08 vs. 
5.57 ± 1.87 pg/ml, p < 0.001, Figure 4D) decreased significantly after 

FIGURE 1

The flowchart designed for this study.
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LPE treatment. After PE treatment, the levels of AChR-Ab (33.52 ± 3.60 
vs. 22.72 ± 4.44 nmol/L, p < 0.001, Figure 4A), TNF-α (21.33 ± 6.42 vs. 
13.26 ± 5.67 pg/ml, p < 0.001, Figure  4B), IL-1β (13.75 ± 7.89 vs. 
8.32 ± 4.73 pg/ml, p < 0.001, Figure  4C), and IL-6 (9.88 ± 2.87 vs. 

4.66 ± 3.02 pg/ml, p < 0.001, Figure  4D) were also significantly 
decreased. No significant differences were identified in the magnitude 
of IL-1β, TNF-α, and IL-6 decline between the two groups 
(Figures  4B–D, p > 0.05). Compared with PE, LPE had a better 
performance in reducing AChR-Ab titer (16.63 ± 7.63 vs. 
10.80 ± 4.59 nmol/L, p = 0.004, Figure 4A).

3.4. Safety profile of LPE versus PE

In this study cohort, both LPE and PE therapy were well tolerated. 
Among the 223 replacements of 123 patients in the LPE group, the 
treatment-related adverse events included allergy (14), citrate reaction 
(5), hypotension (2), chills (4), and nausea and vomiting (3). Among 
the 279 replacements of 75 patients in the PE group, the adverse 
reactions associated with treatment included allergy (16), citrate 
reaction (6), headache (2), chills (3), vasovagal reaction (1), 
hypotension (1), hypertension (2), and local bleeding (2). The above 
adverse reactions were effectively alleviated after symptomatic 
treatment. No serious adverse events causing death in patients 
were observed.

4. Discussion

MG is an autoimmune disease in which autoantibodies attack 
postsynaptic membrane-related proteins of neuromuscular junction, 
resulting in neuromuscular impulse conduction disorder. Fluctuating 
muscle weakness is its main clinical feature. In severe cases, the ability 
to daily living is severely impaired due to severe skeletal muscle 
weakness, and respiratory failure (myasthenic crisis) caused by severe 
respiratory muscle weakness may be life-threatening. PE is the current 
first-line therapy for patients with severe MG, which can quickly and 
effectively relieve symptoms, and its mechanism is to remove the 
plasma containing large amounts of pathogenic factors during 
replacement. In a randomized trial evaluating the therapeutic effect of 
PE in moderate to severe MG, patients had a mean QMGS 
improvement of 4.7 ± 4.9 points after treatment, and the symptoms 
were effectively relieved (the improvement of QMGS ≥3 points) in 

TABLE 2 Baseline characteristics of patients in PE and LPE groups after 
propensity score matching.

Characteristics PE 
(n = 62)

LPE 
(n = 62)

p 
value

Gender (female) (n, %) 44 (71.0%) 40 (64.5%) 0.44

Age (years, mean ± SD) 47.18 ± 16.09 47.79 ± 16.27 0.83

Disease duration (month, mean ± SD) 53.19 ± 72.73 51.19 ± 75.75 0.88

Thymoma (n, %) 11 (47.8%) 12 (52.2%) 0.82

Thymic hyperplasia (n, %) 3 (4.8%) 1 (1.6%) 0.62

History of thymectomy (n, %) 17 (27.4%) 15 (24.2%) 0.68

Other autoimmune diseases (n, %) 13 (21.0%) 12 (19.4%) 0.82

Co-infection (n, %) 15 (24.2%) 18 (29.0%) 0.54

Immunotherapy before treatment (n, %) 34 (54.8%) 34 (54.8%) 1.00

History of myasthenic crisis (n, %) 6 (9.7%) 6 (9.7%) 1.00

MGFA IVb (n, %) 51 (82.3%) 50 (80.6%) 0.82

Baseline QMGS (mean ± SD) 22.98 ± 4.03 23.19 ± 4.11 0.78

AChR-Ab (n, %) 57 (91.9%) 59 (95.2%) 0.72

MuSK-Ab (n, %) 1 (1.6%) 0 (0.0%) 1.00

Titin-Ab (n, %) 17 (27.4%) 18 (29.0%) 0.84

RyR-Ab (n, %) 9 (14.5%) 7 (11.3%) 0.59

Simultaneous oral immune drugs (n, %)

Prednisone monotherapy 7 (11.3%) 8 (12.9%) 0.78

Prednisone and tacrolimus 41 (66.1%) 43 (69.4%) 0.70

Prednisone and mycophenolate 

mofetil

4 (6.5%) 3 (4.8%) 0.69

Prednisone and azathioprine 3 (4.8%) 3 (4.8%) 1.00

Tacrolimus monotherapy 5 (8.1%) 4 (6.5%) 0.73

Mycophenolate mofetil monotherapy 2 (3.2%) 1 (1.6%) 0.56

FIGURE 2

Comparison of the efficacy of LPE and PE. (A) Changes in QMGS before and after treatment in the PE group (n = 62). (B) Changes in QMGS before and 
after treatment in the LPE group (n = 62). (C) Comparison of QMGS improvement between the LPE and PE groups. (D) Comparison of effective rate 
between the LPE and PE groups. The bar represents the mean value; the error bar represents the standard deviation. ***p < 0.001; *p < 0.05; ns, no 
significance.
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FIGURE 4

Changes of immune indicators before and after LPE and PE treatment. (A) Changes of AChR-Ab titer before and after treatment; comparison of the 
change magnitude in AChR-Ab titer between the LPE and PE groups. (B) Changes of TNF-α level before and after treatment; comparison of the change 
magnitude in TNF-α between the LPE and PE groups. (C) Changes of IL-1β level before and after treatment; comparison of the change magnitude in 
IL-1β between the LPE and PE groups. (D) Changes of IL-6 level before and after treatment; comparison of the change magnitude in IL-6 between the 
LPE and PE groups. The bar represents the mean value; the error bar represents the standard deviation. ***p < 0.001, **p < 0.01; ns, no significance.

57% of patients (22). In another randomized trial for MG exacerbation, 
the remission rate of patients’ symptoms was 66% after PE treatment 
(23). The above results are similar to those of this study, with 67.7% of 
patients achieving effective symptom relief and a mean QMG score 
decrease of 4.68 ± 4.04 points after PE treatment.

LPE is a new treatment based on traditional PE combined with 
leukapheresis. There is currently no study comparing the therapeutic 
effect of PE and LPE in severe MG. In the LPE cohort of this study, the 
mean QMG score was reduced by 6.26 ± 4.39 points after treatment, 
which was significantly better than that of patients receiving PE 
treatment. In addition, the clinical effective rate of the LPE group was 

75.6%, which was higher than that of the PE group (66.7%). Although 
no statistically significant difference was identified between them, it 
may be associated with the relatively insufficient sample size in this 
study. It should also be noted that compared with the mean of 3.74 
replacements in the PE group, the patients in the LPE group received 
significantly fewer replacements (mean of 1.89). This not only lowers 
the possibility of serious adverse events that occur during repeated 
replacement, greatly cuts down the treatment burden of patients, but 
also reduces the plasma consumption in the current shortage 
environment of clinical blood resources, which has important clinical 
practice implications. In addition, both LPE and PE performed 

FIGURE 3

Comparison of LPE and PE in the follow-up period. (A) Comparison of hospital stay between the LPE group (n = 62) and PE group (n = 62). 
(B) Comparison of QMG scores between the LPE group (n = 49) and the PE group (n = 44) during follow-up. (C) Comparison of relapse rates between 
the LPE group and PE group. The bar represents the mean value; the error bar represents the standard deviation; ns, no significance.
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similarly in terms of safety and were well tolerated, with adverse 
reactions being common with citrate reactions and allergic reactions, 
which is in accord with the results of previous researches (14, 17).

Previous studies have shown that the efficacy of replacement 
therapy lasts for about 1–2 months (24, 25). In this study, we also 
found that the QMG score in both the LPE and PE groups showed a 
gradual decrease during the 2-month follow-up period. However, it 
should be noted that patients received a long-term immunosuppressive 
maintenance therapy at the same time, and although these drugs 
mostly showed benefit only weeks or months later (7, 25, 26) and had 
a very limited impact on the short-term efficacy assessment of LPE 
and PE, it is difficult to determine whether they interfered with our 
evaluation of durative efficacy of LPE and PE during the follow-up 
period. In addition, we  also found that LPE treatment may 
be associated with better functional outcomes at 2-month follow-up; 
the LPE group had a lower mean QMG score at each follow-up time 
points and a lower relapse rate than the PE group, although no 
statistically significant differences were identified between them, but 
this result may be limited by our limited sample size.

In terms of impact on immune-related factors, LPE and PE could 
effectively reduce the levels of inflammatory cytokines (TNF-α, IL-1β, 
and IL-6) and AChR-Ab. AChR-Ab is the primary autoantibody 
responsible for the pathogenesis of MG, and the decrease of its titer is 
associated with the improvement of clinical symptoms (27). IL-1β 
induces the differentiation of T helper 17 (Th17) cells (28), which 
promote inflammatory responses and mediate tissue damage, and 
participate in MG autoimmunity by regulating B-cell tolerance and 
the production of AChR-Ab (29). The serum level of IL-1β is 
significantly elevated in MG patients and correlates with symptoms 
(30, 31). IL-6 is a pleiotropic inflammatory cytokine that promotes 
B-cell differentiation and proliferation, induces B-cell maturation into 
antibody-producing plasma cells, and regulates the immune 
homeostasis between Tregs and Th17 cells. Its overexpression is 
involved in the pathogenesis of various inflammatory autoimmune 
diseases, including MG (32). TNF-α, as a pro-inflammatory cytokine, 
has the ability to induce a broad secondary inflammatory cascade 
response (33). In MG, its overexpression affects the immune response 
by driving the Th1 response, upregulating B cell proliferation and 
differentiation, and inducing IL-6 production (33, 34). Compared 
with PE, LPE could reduce the titer of autoantibody in MG patients 
more effectively. In terms of inflammatory cytokine clearance, LPE 
obtained similar effect to traditional PE with fewer replacements. 
We  speculate that the better performance of LPE in eliminating 
immunopathogenic factors is related to its unique advantages in the 
mechanism of action. The clearance of autoantibodies, inflammatory 
factors, and other pathological substances in plasma by traditional PE 
may relieve the feedback inhibition on immunocompetent cells, 
leading to a rebound in the level of immunopathological substances 
(17). LPE can not only eliminate soluble pathogenic factors in plasma, 
but also remove sensitized immunocompetent cells, thus inhibiting 
the continuous production of pathological factors (11, 14, 17).

In general, this study is the first to compare the efficacy of PE and 
LPE in MG. Our results suggest that LPE achieves the clinical efficacy 
not inferior to or even better than PE with fewer replacements in 
severe MG. The findings of this study provide further evidence to 
support the application of LPE in MG. Our study also has some 
limitations. First, selection bias was difficult to avoid due to the 
limitations of the retrospective design of this study. Second, due to 

limitations in data availability (e.g., missing data for scores such as 
ADL, MGC, and MG-QOL15r), we were unable to comprehensively 
evaluate the efficacy of LPE and PE using multiple scoring systems 
combined. Furthermore, this study lacked mechanistic exploration. 
Finally, the sample size of this study was relatively limited, which may 
also lead to bias in the results. In the future, the results of this study 
need to be confirmed by more rigorous randomized controlled trials, 
and the underlying therapeutic mechanism of LPE in severe MG 
needs to be  delved in depth to further strengthen the evidence 
supporting the application of LPE in the management of severe MG.

5. Conclusion

In conclusion, LPE may be a better treatment option than PE for 
patients with severe MG, offering advantages in terms of efficacy while 
requiring fewer replacements.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed and 
approved by the Ethics Committees of Xiangya Hospital, Xiangya 
Second Hospital, and Changsha First Hospital. Written informed 
consent for participation was not required for this study in accordance 
with the national legislation and the institutional requirements.

Author contributions

HY and QZ conceived and designed the research. WD, FJ, and HC 
collected the clinical data. WD analyzed the data. BL participated in 
research design and data analysis. WD, SO, and WY drafted the 
manuscript. All authors contributed to the article and approved the 
submitted version.

Funding

This research was supported by the National Natural Science 
Foundation of China (81771364 and 82171399), Science and Technology 
Innovation Guidance Project of Hunan Province (2020SK53009), 
Changsha Municipal Natural Science Foundation (kq2007037), and 
Natural Science Foundation of Hunan Province (2022JJ40724).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fneur.2023.1212868
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Duan et al. 10.3389/fneur.2023.1212868

Frontiers in Neurology 08 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Carr AS, Cardwell CR, McCarron PO, McConville J. A systematic review of 

population based epidemiological studies in Myasthenia Gravis. BMC Neurol. (2010) 
10:46. doi: 10.1186/1471-2377-10-46

 2. Albazli K, Kaminski HJ, Howard JF. Complement inhibitor therapy for myasthenia 
gravis. Front Immunol. (2020) 11:917. doi: 10.3389/fimmu.2020.00917

 3. Lazaridis K, Tzartos SJ. Myasthenia gravis: autoantibody specificities and their role 
in MG management. Front Neurol. (2020) 11:596981. doi: 10.3389/fneur.2020.596981

 4. Gilhus NE, Tzartos S, Evoli A, Palace J, Burns TM, Verschuuren JJGM. Myasthenia 
gravis. Nat Rev Dis Primers. (2019) 5:30. doi: 10.1038/s41572-019-0079-y

 5. Hehir MK, Silvestri NJ. Generalized myasthenia gravis: classification, clinical 
presentation, natural history, and epidemiology. Neurol Clin. (2018) 36:253–60. doi: 
10.1016/j.ncl.2018.01.002

 6. Gilhus NE. Myasthenia gravis. N Engl J Med. (2016) 375:2570–81. doi: 10.1056/
NEJMra1602678

 7. Alhaidar MK, Abumurad S, Soliven B, Rezania K. Current treatment of myasthenia 
gravis. J Clin Med. (2022) 11:1597. doi: 10.3390/jcm11061597

 8. Mantegazza R, Antozzi C. From traditional to targeted immunotherapy in 
myasthenia gravis: prospects for research. Front Neurol. (2020) 11:981. doi: 10.3389/
fneur.2020.00981

 9. Jiang Y, Tian X, Gu Y, Li F, Wang X. Application of plasma exchange in steroid-
responsive encephalopathy. Front Immunol. (2019) 10:324. doi: 10.3389/
fimmu.2019.00324

 10. Sanders DB, Wolfe GI, Benatar M, Evoli A, Gilhus NE, Illa I, et al. International 
consensus guidance for management of myasthenia gravis: executive summary. 
Neurology. (2016) 87:419–25. doi: 10.1212/WNL.0000000000002790

 11. Zhang M, Zhang Y, Zhu W, Kuang Y. Successful use of lymphoplasma exchange in 
a patient with acute generalized pustular psoriasis of von Zumbusch. Dermatol Ther. 
(2020) 33:e14092. doi: 10.1111/dth.14092

 12. Wang B, Li J, Xie H-F, Chen M, Li B, Shi W. Striking case of febrile ulceronecrotic 
Mucha-Habermann disease responding to lymphoplasmapheresis and methotrexate. J 
Dermatol. (2020) 47:e430–1. doi: 10.1111/1346-8138.15598

 13. Luo MC, Wang WF, Yin WF, Li Y, Li BJ, Duan WW, et al. Clinical efficacy and 
mechanism of lymphoplasma exchange in the treatment of Guillain-Barre syndrome. 
Cell Mol Biol (Noisy-le-Grand). (2017) 63:106–15. doi: 10.14715/cmb/2017.63.10.17

 14. Zhang L, Zhuang Y, Liu X, Xu Q, Zhou L, Zou L, et al. The efficacy of therapeutic 
apheresis in patients with refractory neuromyelitis optica spectrum disorders: a single-
center retrospective study. Ann Palliat Med. (2021) 10:3105–14. doi: 10.21037/
apm-21-177

 15. Ouyang S, Yin W, Zeng Q, Li B, Zhang J, Duan W, et al. Lymphoplasma exchange 
improves myasthenia gravis exacerbations: a retrospective study in a Chinese center. 
Front Immunol. (2022) 13:757841. doi: 10.3389/fimmu.2022.757841

 16. Jaretzki A, Barohn RJ, Ernstoff RM, Kaminski HJ, Keesey JC, Penn AS, et al. 
Myasthenia gravis: recommendations for clinical research standards. Task Force of the 
Medical Scientific Advisory Board of the Myasthenia Gravis Foundation of America. 
Neurology. (2000) 55:16–23. doi: 10.1212/wnl.55.1.16

 17. Zhang Z, Yuan X, Jiang Y, Li N, Li B. Effectiveness of lymphoplasmapheresis compared 
with therapeutic plasma exchange for thrombotic thrombocytopenic purpura: a retrospective 
evaluation. Hematology. (2022) 27:167–72. doi: 10.1080/16078454.2021.2015842

 18. Schneider-Gold C, Krenzer M, Klinker E, Mansouri-Thalegani B, Müllges W, 
Toyka KV, et al. Immunoadsorption versus plasma exchange versus combination for 

treatment of myasthenic deterioration. Ther Adv Neurol Disord. (2016) 9:297–303. doi: 
10.1177/1756285616637046

 19. Trikha I, Singh S, Goyal V, Shukla G, Bhasin R, Behari M. Comparative efficacy of 
low dose, daily versus alternate day plasma exchange in severe myasthenia gravis: a 
randomised trial. J Neurol. (2007) 254:989–95. doi: 10.1007/s00415-006-0235-7

 20. Barnett C, Merkies ISJ, Katzberg H, Bril V. Psychometric properties of the 
quantitative myasthenia gravis score and the myasthenia gravis composite scale. J 
Neuromuscul Dis. (2015) 2:301–11. doi: 10.3233/JND-150082

 21. Barohn RJ, Mcintire D, Herbelin L, Wolfe GI, Nations S, Bryan WW. Reliability 
testing of the quantitative myasthenia gravis score. Ann N Y Acad Sci. (1998) 841:769–72. 
doi: 10.1111/j.1749-6632.1998.tb11015.x

 22. Barth D, Nabavi Nouri M, Ng E, Nwe P, Bril V. Comparison of IVIg and PLEX in 
patients with myasthenia gravis. Neurology. (2011) 76:2017–23. doi: 10.1212/
WNL.0b013e31821e5505

 23. Gajdos P, Chevret S, Clair B, Tranchant C, Chastang C. Clinical trial of plasma 
exchange and high-dose intravenous immunoglobulin in myasthenia gravis. Myasthenia 
Gravis Clinical Study Group. Ann Neurol. (1997) 41:789–96. doi: 10.1002/ana.410410615

 24. Sieb JP. Myasthenia gravis: an update for the clinician. Clin Exp Immunol. (2014) 
175:408–18. doi: 10.1111/cei.12217

 25. Gilhus NE, Verschuuren JJ. Myasthenia gravis: subgroup classification and 
therapeutic strategies. Lancet Neurol. (2015) 14:1023–36. doi: 10.1016/
S1474-4422(15)00145-3

 26. Morren J, Li Y. Maintenance immunosuppression in myasthenia gravis, an update. 
J Neurol Sci. (2020) 410:116648. doi: 10.1016/j.jns.2019.116648

 27. Oosterhuis HJ, Limburg PC, Hummel-Tappel E, The TH. Anti-acetylcholine 
receptor antibodies in myasthenia gravis. Part 2. Clinical and serological follow-up of 
individual patients. J Neurol Sci. (1983) 58:371–85.

 28. Villegas JA, Van Wassenhove J, Le Panse R, Berrih-Aknin S, Dragin N. An 
imbalance between regulatory T cells and T helper 17 cells in acetylcholine receptor-
positive myasthenia gravis patients. Ann N Y Acad Sci. (2018) 1413:154–62. doi: 10.1111/
nyas.13591

 29. Uzawa A, Kuwabara S, Suzuki S, Imai T, Murai H, Ozawa Y, et al. Roles of cytokines 
and T cells in the pathogenesis of myasthenia gravis. Clin Exp Immunol. (2021) 
203:366–74. doi: 10.1111/cei.13546

 30. Uzawa A, Kawaguchi N, Himuro K, Kanai T, Kuwabara S. Serum cytokine and 
chemokine profiles in patients with myasthenia gravis. Clin Exp Immunol. (2014) 
176:232–7. doi: 10.1111/cei.12272

 31. Lefeuvre CM, Payet CA, Fayet O-M, Maillard S, Truffault F, Bondet V, et al. Risk 
factors associated with myasthenia gravis in thymoma patients: The potential role of 
thymic germinal centers. J Autoimmun. (2020) 106:102337. doi: 10.1016/j.
jaut.2019.102337

 32. Aricha R, Mizrachi K, Fuchs S, Souroujon MC. Blocking of IL-6 suppresses 
experimental autoimmune myasthenia gravis. J Autoimmun. (2011) 36:135–41. doi: 
10.1016/j.jaut.2010.12.001

 33. Duan R-S, Wang H-B, Yang J-S, Scallon B, Link H, Xiao B-G. Anti-TNF-alpha 
antibodies suppress the development of experimental autoimmune myasthenia gravis. 
J Autoimmun. (2002) 19:169–74. doi: 10.1006/jaut.2002.0618

 34. Na S-J, So S-H, Lee KO, Choi Y-C. Elevated serum level of interleukin-32α in the 
patients with myasthenia gravis. J Neurol. (2011) 258:1865–70. doi: 10.1007/
s00415-011-6036-7

https://doi.org/10.3389/fneur.2023.1212868
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1186/1471-2377-10-46
https://doi.org/10.3389/fimmu.2020.00917
https://doi.org/10.3389/fneur.2020.596981
https://doi.org/10.1038/s41572-019-0079-y
https://doi.org/10.1016/j.ncl.2018.01.002
https://doi.org/10.1056/NEJMra1602678
https://doi.org/10.1056/NEJMra1602678
https://doi.org/10.3390/jcm11061597
https://doi.org/10.3389/fneur.2020.00981
https://doi.org/10.3389/fneur.2020.00981
https://doi.org/10.3389/fimmu.2019.00324
https://doi.org/10.3389/fimmu.2019.00324
https://doi.org/10.1212/WNL.0000000000002790
https://doi.org/10.1111/dth.14092
https://doi.org/10.1111/1346-8138.15598
https://doi.org/10.14715/cmb/2017.63.10.17
https://doi.org/10.21037/apm-21-177
https://doi.org/10.21037/apm-21-177
https://doi.org/10.3389/fimmu.2022.757841
https://doi.org/10.1212/wnl.55.1.16
https://doi.org/10.1080/16078454.2021.2015842
https://doi.org/10.1177/1756285616637046
https://doi.org/10.1007/s00415-006-0235-7
https://doi.org/10.3233/JND-150082
https://doi.org/10.1111/j.1749-6632.1998.tb11015.x
https://doi.org/10.1212/WNL.0b013e31821e5505
https://doi.org/10.1212/WNL.0b013e31821e5505
https://doi.org/10.1002/ana.410410615
https://doi.org/10.1111/cei.12217
https://doi.org/10.1016/S1474-4422(15)00145-3
https://doi.org/10.1016/S1474-4422(15)00145-3
https://doi.org/10.1016/j.jns.2019.116648
https://doi.org/10.1111/nyas.13591
https://doi.org/10.1111/nyas.13591
https://doi.org/10.1111/cei.13546
https://doi.org/10.1111/cei.12272
https://doi.org/10.1016/j.jaut.2019.102337
https://doi.org/10.1016/j.jaut.2019.102337
https://doi.org/10.1016/j.jaut.2010.12.001
https://doi.org/10.1006/jaut.2002.0618
https://doi.org/10.1007/s00415-011-6036-7
https://doi.org/10.1007/s00415-011-6036-7

	Lymphoplasmapheresis versus plasma exchange in severe myasthenia gravis: a retrospective cohort study
	1. Introduction
	2. Methods
	2.1. Data sources
	2.2. LPE and PE procedure
	2.3. Synchronous therapy regimen
	2.4. Efficacy evaluation
	2.5. Statistical analysis

	3. Results
	3.1. Baseline characteristics
	3.2. Comparison of the efficacy between PE and LPE
	3.3. Effects of LPE and PE on inflammatory factors and autoantibody
	3.4. Safety profile of LPE versus PE

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

