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Background: Since there is no clear priority or selection principle in the guidelines for myasthenia crisis, therapeutic plasma
exchange (TPE) and intravenous immunoglobulin are often administered randomly. However, it should be more prudent in taking TPE
due to its higher cost and risk. Studying its early response factors is crucial for managing myasthenia crisis and can improve medical
and economic benefits.

Methods: A prospective observational study was conducted, and patients classified as having “impending myasthenia crisis” or
experiencing a myasthenia crisis and treated by TPE were included. The primary endpoint was the response after TPE. Univariate
logistic regression analysis and repeated measurement were performed to analyze factors related to TPE efficacy.

Results: A total of 30 patients who treated with TPE as their fast-acting treatments were enrolled. After TPE, those whose QMGs and/
or MGCs decreased by >5 points or >30% of the baseline were judged as “response group”, accounting for 66.67% (20/30).
Respiratory symptoms had a response rate of 72.00% (18/25), showing the most remarkable improvement. Meanwhile, extraocular
symptoms were the least sensitive, with only 8.00% (2/25) showing efficacy. Thymoma (100.00% vs 50.00%, P=0.002) and a high
concentration of AChR-Ab (37.37 nmol/L vs 25.4 nmol/L, P=0.039) were common in the early response group. Repeated measures
showed significant changes in AChR-Ab and CD19" B cells before and after TPE (all with P < 0.05). After treatment, the CD19"*
B cells tended to decrease in the response group.

Discussion: These results indicated that, for AChR-Ab positive generalized MG, TPE can quickly improve respiratory symptoms.
Thymoma and a high concentration of AChR-Ab before TPE predict an early better response. Additionally, TPE may work by
decreasing AChR-Ab levels and inducing immune regulation. Future prospective and randomized controlled studies are needed.
Keywords: plasma exchange, myasthenia gravis, crisis, efficacy, neuroimmunology

Introduction

A myasthenia crisis is the acute exacerbation of myasthenia gravis (MG) that can be life-threatening, leading to a 6% to
30% likelihood of in-hospital mortality worldwide.' > International consensus guidance for management of MG
recommends therapeutic plasma exchange (TPE) and intravenous immunoglobulin (IVIG) as the first-line treatment
for a crisis.* However, there is no clear priority or selection principle between those two treatments in the guideline. In
clinical application, their efficacy is not guaranteed for every patient, only about 55~87% will respond. Therefore,
previous studies attempted to determine the efficacy of TPE and IVIG, and which treatment is preferred under specific
disease conditions. They found that in muscle-specific kinase antibody positive MG, the response rate of TPE ranges
from 50% to 93%, significantly higher than that of IVIG, which is 11% to 61%.> For MG women during pregnancy, both
are equally effective, but IVIG is safer than TPE.® And TPE has a better response than IVIG in those juvenile MG who
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younger than 18 years old.” Moreover, a meta-analysis showed that there was a higher response rate with TPE than IVIG
in acute MG patients and patients undergoing thymectomy.® Above all these findings indicate that TPE and IVIG are not
simply juxtaposed without principle in MG patients. In specific populations or disease conditions, they have different
priorities. Meanwhile, the decision to treated with TPE or IVIG may also depend on factors such as access and
convenience. As known to modulate the immune response, IVIG has many indications.” But the immunoglobulins,
deriving from plasma from healthy donors, always fails to meet clinical demand. While TPE requires special equipment
and trained personnel to perform it. Moreover, as an invasive treatment, the cost of TPE is much higher. It not only leads
to prolonged hospitalization times and increased physical risks, but also imposes greater psychological and economic
burdens.'”!" Thus, it is important to study the early effective factors of TPE and predict suitable patients before
treatment, contributing to MG and improving medical and economic benefits.

Materials and Methods
Patients and Subgroups

In this prospective, open label, observational study, we screened MG patients admitted to the Department of Neurology
and Neurointensive Care Unit of The First Affiliated Hospital, Sun Yat-sen University from September 1st 2019 to
September 30" 2022.

The inclusion criteria were as follows: (1) in an “impending myasthenia crisis” or a myasthenia crisis state according
to the international and Chinese guidelines for diagnosis and treatment of MG,*'? (2) serum acetylcholine receptors
antibody (AChR-AD) level > 0.45 nmol/L (using the enzyme-linked immunosorbent assay [ELISA] method) and muscle-
specific kinase antibody- and lipoprotein-related protein 4 antibody-negative (cell-based assay), (3) receiving TPE firstly
as acute treatment, (4) informed consent provided by the patient and/or family members. The exclusion criteria were as
follows: (1) presence of hyperthyroidism, systemic lupus erythematosus, or other immune diseases, (2) presence of other
malignant tumors in addition to thymoma.

The study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and
its later amendments and was approved by the local ethics committee for clinical research (Chinese Clinical Trial
Registration: ChiCTR2100043920). Informed consent was obtained from all study subjects and no personal information
of the participants has been reported in this manuscript.

TPE Protocol and Items Evaluations

TPE was performed using an Aminco Cell Separator. The TPE specifications were (1) volume of blood processed 40—
50 mL/kg per TPE procedure; (2) each course of treatment involved 3 times TPE procedures, and the frequency was
every 2 or 3 days; and (3) replacement fluids consisted of 4% albumin.

The quantitative MG score (QMGs) and MG composite score (MGCs) were assessed in the morning before the
patients took a cholinesterase inhibitor or >4 hours after taking a cholinesterase inhibitor. For patients who had been
intubated and were on a nasogastric tube nasogastric feeding diet, items such as phonation, vital capacity, and head
raising were assigned the maximum score based on their medical history while intubation.

This study compared the clinical characteristics of patients by measuring AChR-Ab concentration using ELISA
(RSR, Cardiff, UK). Cytokines concentrations were detected using immunofluorescence (Siemens healthineers, Germany
and Cell-genebio, China), and the proportion of lymphocyte subsets was evaluated using Multitest 6-Color TBNK
Reagent (BD, USA) by flow cytometry. Blood samples were collected total four times, including before TPE and within
1 hours after each time TPE procedure.

Follow-Up Endpoint and Effective Definition

The primary endpoints was the curative effect after a complete course of TPE treatment, as follow: (1) improved or stable
(successfully removed the tracheal intubation; or the QMGs /MGCs decreased by >5 points or > 30% of the baseline), (2)
unchanged or invalid (still obvious respiratory muscle/throat weakness symptoms, or the QMGs /MGCs decreased by <5
points or 30% of the baseline, sequential IVMP or IVIG treatment was needed), (3) worsen or needed to be hospitalized

2300 s Journal of Inflammation Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chen et al

again after discharge (compared with this time of discharge, the QMGs /MGCs increased by >30%; The daily dose of
cholinesterase inhibitor is increased by >50%; Symptoms of obvious involvement of respiratory muscles). Based on
these, (1) was the “response group”, and it would be reviewed and confirmed at the one-month outpatient follow-up by
activities of daily living. While (2) and (3) were the “non-response group”. The secondary endpoint was the hospital
follow-up time (5 + 2 days after TPE).

Statistical Analyses

Continuous variables that conform to the normal distribution were displayed by the mean and standard deviation,
otherwise, the median and quartile were used. To identify the predictors of clinical outcome, we applied univariate
logistic regression analysis to the continuous variables. Fisher’s exact and chi-square tests were used to analyze the
categorical variables. Repeated measurement was performed to analyze the related factor with TPE efficacy. The
Mauchly’s test of sphericity was conducted, and if conforms (P>0.05), using the tests of within-subjects effects,
otherwise (P<0.05), using multivariate tests. When the results were statistically different, pairwise comparison was
made. All statistical analyses were performed using IBM SPSS version 26.0 (SPSS Company, Chicago, IL, USA) and
GraphPad Prism 8 version 8.0.2 (GraphPad Software Inc., San Diego, CA, USA) was used to generate the figures.

Results

A total of 59 patients with myasthenia crisis were admitted to the hospital. Among them, 31 patients treated with TPE as
their fast-acting treatments were enrolled in this study. One patient was excluded because TPE was discontinued due to
a local catheter-related infection. It happened after 2 times of TPE and was characterized by erythema, pain, and purulent
secretion within 2 centimetre around the puncture point. Purulent secretion showed Gram-positive bacteria, while blood
culture showed no bacteria. A total of 30 patients were finally included. All of them had not received treatment with
high-dose intravenous methylprednisolone or IVIG or TPE or rituximab in the past 3 months. From the beginning of TPE
to the end of the follow-up, those whose QMGs and/or MGCs decreased by >5 points or >30% of the baseline were
judged as “response group”, accounting for 66.67% (20/30). The non-response group made up 33.33% (10/30), as shown
in Figure 1. And those non-responder would take some additional interventions after 3 times TPE, such as additional TPE
(till 5~7 times in total), or alternative treatments such as IVIG (0.4g/kg/d, 3 to 5 days) and intravenous methylpredni-
solone (500mg to 1000 mg, 3 to 5 days). One of them treated with Rituximab (500mg) after TPE and IVIG.

Impending- or
myasthenia crisis
(n=59)

|
Y Y

IVIG and other
available treatment T_PE
(n=28) (n=31)

Catheter
g infection(n=1)

after 3 times TPE

v !

Response group Non-response group
(n=20) (n=10)

Figure | Flowchart of the study.
Abbreviations: IVIG, intravenous immunoglobulin; TPE, therapeutic plasma exchange.

Journal of Inflammation Research 2024:17 hetps: 2301

Dove:


https://www.dovepress.com
https://www.dovepress.com

Chen et al Dove

Treated with TPE, Respiratory Muscles Were Sensitive, While Extraocular Muscles

Were Refractory

The most commonly involved muscle groups in the enrolled cases were extraocular muscles, bulbar muscles, limb
muscles and respiratory muscles, as shown in Figure 2. After TPE, respiratory symptoms showed remarkable improve-
ment, and its response rate was 72.00% (18/25), while that of limb muscles and bulbar muscles were 65.38% (17/26) and
68.18% (15/22), respectively. Extraocular symptoms were most frequently involved, but they were least sensitive to TPE,
with a response rate of only 8.00% (2/25).

Thymoma and a High Concentration of AChR-Ab Before TPE Predict a Better

Response

In our previous studies, we found that these blood indices were related to the severity and activity of MG, including the
concentrations of AChR-ADb, IgG and IL-6, the ratio of CD4"/CD8" T cells, and the proportion of CD19" B cells."* Thus,
in this study, they were used as part of the observations. Before TPE, there was no statistical difference in sex, age, the
disease duration and clinical scores between two groups, as shown in Table 1. However, the proportion of thymoma
(100.00% vs 50.00%, P=0.002) and concentration of AChR-Ab (37.37 nmol/L vs 25.4 nmol/L, P=0.039) were higher in
the response group.

The Changes of AChR-Ab and CD19" B Cells Were Related to the Efficacy of TPE

The indices before TPE and immediately after each replacement were analyzed, as shown in Figure 3. As TPE
progressed, the serum concentrations of AChR-Ab and IgG decreased significantly, and the proportion of CD19"
B cells increased. Although repeatedly measured, the factors related to the efficacy of TPE were shown in Table 2.
Except for CD19" B cells, all other indices rejected the spherical hypothesis (P all <0.05). The concentration of AChR-
Ab and the proportion of CD19" B cells showed an interaction between time and group (P all <0.05). And they
significantly changed before and after TPE treatment as indicated by time effects. The concentration of IgG also changed
with time; however, there was no inter-group effect (P all > 0.05).

TPE May Induce Immune Regulation
Before TPE, there was no statistical difference in T and B cells between the two groups with different treatment effects.
After three rounds of TPE, the flow rates of CD4"/CD8" cells and CD19" B cells were illustrated in Figure 4. The change

B Response
Respiratory muscle 72.00% B Non-response
Limb muscle 65.38%
Bulbar muscle 68.18%
Neck muscle 58.33%
Masticatory muscle
Facial muscle 66.67%
Extraocular muscle 8.00%
T rr1 rr &+ &+ 1 rrr 1
0 10 20 30 (cases)

Figure 2 The responses of different muscle groups to TPE. Extraocular muscle symptoms: ptosis or diplopia; Facial muscle symptoms: eyelid closure incomplete or
complete but without resistance; Masticatory muscle symptoms: fatigue with soft food or solid food when chewing, or using the gastric tube; Neck muscle symptoms: head
drop; Bulbar muscle symptoms: dysarthria or a nasal speech, cannot swallow or swallowing with coughing or or nasal regurgitation or throat clearing; Limb muscle
symptoms: arm outstretched or Hip flexion or hand grip, <normal range; Respiratory muscle symptoms: assisted ventilation or vital capacity < 80% of the predicted value.
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Table | The Indexes Before TPE Between Two Groups

All Response Group | Non-Response Group | P-value
(n=30) (n=20) (n=10)

Male (%) 21 (70.00) 14 (70.00) 7 (70.00) 1.000
Age (year) 47.23+£7.99 50.00 (38.50, 58.50) 39.50 (27.75, 56.00) 0.373
Disease duration (month) 7.00 (6.00, 7.00) | 23.50 (7.00, 48.00) 13.50 (1.75, 64.50) 0.397
QMGs (median, range) 25 (20-32) 24 (20-30) 27 (20-32) 0.198
MGCs (median, range) 23 (19-34) 23 (19-32) 24.5 (19-34) 0.422
Thymoma (yes, %) 25 (83.33) 20 (100.00) 5 (50.00) 0.002*
Limb symptoms (yes, %) 26 (86.67) 17 (85.00) 9 (90.00) 0.593
Bulbar symptoms (yes, %) 22 (73.33) 15 (75.00) 7 (70.00) 0.548
Mechanical ventilation (yes, %) 17 (56.67) Il (55.00) 6 (60.00) 0.554
AChR-Ab (nmol/L) 38.69+3.30 37.37 (30.29, 45.19) 25.4 (3.08, 37.13) 0.039*
IgG (g/L) 12.53+3.41 10.20 (8.67, 12.80) 10.10 (7.81, 15.40) 0.812
IL-6 (pg/mL) 5.19+0.64 3.74 (243, 15.63) 5.36 (2.35, 24.83) 0.713
CD4"/ CD8" T cells 0.96+0.31 1.05 (0.73, 1.53) 1.00 (0.80, 1.86) 0.779
CD4" T cells (%) 28.93+5.10 36.70 (32.23, 40.56) 32.71 (23.60, 42.05) 0.448
CD8" T cells (%) 35.53+5.28 34.65 (22.10, 41.33) 32.11 (23.60, 39.60) 0.746
CDI19+ B cell (%) 11.30£0.84 10.40 (5.72, 16.46) 11.05 (5.40, 18.78) 0.880

Notes: *Between response and non-response group, P<0.05.

trend of lymphocyte subsets in the response group and the non-response group is different. In the response group, the

proportion of CD4" and CD8" T cells increased, leaning towards T cells, especially the CD4" T cells, while the

proportion of CD19" B cells remains stable In the non-response group, the proportion of CD19" B cells increased,
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Figure 3 The AChR-ADb, IgG, IL-6, CD4+ T cells, CD8+ T cells and CD 19+ B cells before TPE and immediately after each replacement.
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Table 2 Repeated Measurement to Analysis the Effective Related Indicators in TPE

Mauchly’s Test Interaction Time Intergroup
of Sphericity (Time*Group)
P-value F P-value F P-value F P-value

AChR-Ab <0.001* 3.728 0.024* 7.188 0.001* | 2.714 0.111
1gG <0.001* 0.113 0.952 56.461 | <0.001* | 0.775 0.386
IL-6 <0.001* 1.150 0.348 0.948 0.432 1.107 0.302
CD4"/ CD8" T cells <0.001* 0.427 0.735 0.494 0.689 0.086 0.771
CD4" T cells 0.001* 0.263 0.852 0.458 0.714 0.026 0.873
CD8" T cells 0.01I* 2421 0.089 1.047 0.388 0.267 0.610
CDI9" B cells 0.172 3.185 0.028* 4.831 0.004* 1.129 0.297

Notes: *Between response and non-response group, P<0.05.

and the proportion of CD4" and CD8" T cells decreased. However, the sample size is small, and the P value after analysis
is >0.05 at present.

Discussion

In the present study, we revealed three major findings. First, TPE proved to be an effective treatment for myasthenia
crisis, with a response rate of 65.22%. Respiratory symptoms were sensitive to TPE, while extraocular muscles has the
lowest response rate. Second, the presence of thymoma and a high concentration of AChR-Ab before TPE predicted
a better response to TPE. Third, TPE played a role in reducing the circulating pathogenic AChR-Ab and inducing the
immune regulation. The results of flow cytometry showed that the proportion of CD4" T cells, CD8" T cells and CD19"
B cells in the different response groups changed in the opposite direction. And it is worth further study.

Patients with AChR-Ab positive MG can be acutely treated with TPE or IVIG with response rates ranging from 57%
to 80% and 55% to 87%, respectively.*” However, the efficacy and safety of these two treatments have not been
thoroughly characterized across many clinical programs. Previous study showed that, the clinical efficacy was equally
comparable in both interventions after 1 month. But TPE was associated with an early response and a reduction of the
intensive care unit stay in AChR-associated myasthenia crisis."* To date, there is no definitive understanding of how to
make a fast and efficacious choice.'>'® We aimed to study TPE with MG patients in a real-world setting and identify the
related factors of its early efficacy. In our study, symptoms of respiratory muscle, along with thymoma and a high
concentration of AChR-Ab showed a better response to TPE. Thymoma is considered a risk factor for MG, indicating
refractory and more severe symptoms with a worse prognosis.'” Thymoma associated MG exhibits a more complex
micro-environments dedicated to antibodies and the production of many other unknown pathogenic substances, although
its etiologic factors are not understood. TPE, by removing plasma indistinguishably, may simultaneously remove those
unknown pathogenic substances, resulting in a better response.

Inflammation and auto-antibodies are the characteristics of autoimmune diseases. By rapidly removing circulating
AChR-AD antibodies, TPE can improve myasthenia symptoms and reduce hospitalization mortality.'®'® An existing
study involving ten patients with crisis underwent TPE with a median of 6 times (5 to 27 times). At the end of the TPE
course, AChR-Ab level decreased by an average of 71% and their symptoms improved. The most significant improve-
ment occurred about one week after completing the TPE course.”’ By six weeks after TPE, AChR-Ab had basically
returned to the baseline level.”! Similar phenomena were observed in other studies. In a recent retrospective observa-
tional study, the serum concentration of AChR-Ab rebounded in 5 MG patients after TPE, reaching its peak after 5 to 6
weeks.?? Although TPE removed the antibodies, newly produced antibodies may be induced to redistribute, leading to an
increase in serum concentration, even overshoot (exceeding their baseline levels). And recurrence typically occurs 5 to 6
weeks after TPE, suggesting that antibodies rebound or overshoot may underlie the recurrence. However, the rebound of
AChR-Ab may not always lead to the exacerbation, nor does it imply that repetitive TPE is ineffective.
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Figure 4 The proportions of CD4+, CD8+ T cells and CD19+ B cells of a response patient (A) and a non-response patient (B) before and after TPE. (C) Changes of
lymphocytes in two groups.

The eighth edition of the guidelines of the American Society for Apheresis (ASFA) in 2019 suggested that refractory MG
can be treated with maintenance TPE once a week or once every two weeks (Class II evidence, recommended by Grade 2B), in
addition to acute exacerbation.”> Continuous and regular TPE can effectively prevent the rebound of pathogenic AChR-Ab,
keeping them at a low level and improving symptoms.”* Now, an emerging approach for the removal of IgG antibodies is
targeting neonatal Fc receptor (FcRn), offering higher selectivity but less invasive administration.”>?® FcRn targeting,
demonstrating similar degrees of IgG reduction as TPE, has been proven effective in some IgG-mediated diseases.”’ >’
However, its use in acute or crisis states has not yet been studied. Moreover, though both can remove IgG, compared with
FcRn inhibitor, TPE has another clinical advantage, which can also clear other pathogenic circulating substances, and may
even regulate lymphocytes. Theoretically, TPE does not affect lymphocytes directly. However, due to the elimination of
pathogenic media and induction of immune regulation, changes in lymphocytes and cytokines are observed after TPE.*
Before TPE, the percentages of T and B cells in Guillain-Barré syndrome patients were 53% and 15.5%, respectively, which
differed from those in the control group (78% and 8%). After TPE, T cells in patients increased to 71.75%, while B cells
decreased to 8.75%. The distribution of T and B cells tended to be consistent with that in the control. Correspondingly, their
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symptoms improved. By incubating the plasma removed from each patient with control peripheral lymphocytes, and then
exposing them to mitogens and tritiated thymidine, researchers found that TPE removed a lymphocyte suppressor factor,
which consistently decreased the responsiveness of normal lymphocytes to mitogens.>’ TPE may correct the imbalance of
Th1/Th2 and play a role in the immune regulation indirectly, after removing the antibodies and other pathogenic substances. In
the present study, the level of AChR-Ab and IgG decreased, and T cells and CD19" B cells tended to be normalize in the better
response group after TPE. Antibodies rebound may be caused by the activation of B cells, change of T cells subsets and the
weakening of feedback inhibition after TPE.** Therefore, combining immunotherapy targeting B cells with TPE could achieve
a better outcome.

There are some limitations to our study. The sample size is small to make a meaningful interpretation. And the small
number of replacements and short follow-up observation time may underestimate the efficacy of TPE. Additionally, as
a single-center study, the selection bias also cannot be completely eliminated. Moreover, based on the results of our
previous studies, we focus on specific indices, including antibodies, IgG, IL-6, CD4"/ CD8'T cells and CD19" B cells
before and after TPE. This may result in missing other potentially relevant factors. Multi-center studies are needed to

validate our findings and establish a reliable predictive model.

Conclusion

For AChR-AD positive MG, TPE can quickly improve the symptoms of respiratory weakness. Thymoma and a high
concentration of AChR-Ab before TPE predicts an early better response. Besides, the decrease in serum AChR-Ab and
the proportion of CD19+ B cells through TPE may be the related factors for its efficacy. Future studies are needed.
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