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Myasthenia gravis is an organ-specific autoimmune disease. Currently there is no universal guidelines for childhood-onset myasthenia gravis, therefore, treatment strategies are usually based on the guidelines from adult myasthenia gravis patients. In order to contribute in the process of the development of the universal childhood-onset myasthenia gravis guideline, we have summarized the clinical characteristics, treatment strategies, outcome and the related predictors of childhood-onset myasthenia gravis. We recruited 343 childhood-onset myasthenia gravis cases who were followed up at the Department of Pediatrics, Xiangya Hospital from June, 2010 to December, 2019. The data about clinical characteristics, treatments and outcome were collected and analyzed. Among of the 343 cases, 164 cases were followed up for longer than 2 years, of whom 142 still remained with ocular myasthenia gravis at the endpoint. About the treatments, 27 cases (27/164) accepted pyridostigmine only while the rest accepted glucocorticoid and/or other immunosuppressants. At the endpoint, the proportion of optimal outcome was 66.2% in the group remaining with ocular myasthenia gravis and 31.8% in the generalized myasthenia gravis group. Multivariate logistic regression analysis revealed that generalized myasthenia gravis type and positive status of antibodies against acetylcholine receptors were the independent risk factors for poor outcome. In conclusion, our childhood-onset myasthenia gravis patients present mainly as ocular myasthenia gravis, adequate immunotherapy improve the long-term outcome, and generalized myasthenia gravis phenotype as well as positive status of antibodies against acetylcholine receptors relate to poor outcome.
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Introduction

Myasthenia gravis (MG) is an autoimmune disease mediated by antibodies against acetylcholine receptors (AChR) at the endplates or other related postsynaptic molecules involved in neuromuscular transmission (1). At present, the pathogenic roles for antibodies against AChR (AChR-Ab) and muscle-specific kinase (MuSK) have been demonstrated (2). The classical manifestation of MG includes fluctuating muscle weakness and fatigability. If the weakness is restricted to the external ocular muscles, it is termed as ocular MG (OMG), otherwise it is called generalized MG (GMG) when the weakness extends to other muscles (1). Childhood-onset MG (CMG) refers to MG that occurs in childhood. The clinical characteristics as well as outcome differs from adult MG (AMG), besides, they vary across different regions and ethnic groups (3–9). In Asia continent especially in China, CMG is estimated to account for around 50% of the whole MG population (6), in other areas, the percentages are lower (3, 5, 10). At the moment, there is no universal guidelines for CMG, therefore, treatment strategies are usually based on the guidelines from adult MG patients. Since children are a special population to whom doctors and guardians worry more about the side effects of corticosteroid or other immunosuppressants, more clinical and basic research data are needed to diagnose and treat CMG patients more precisely.

As far as we know, there have been few reports of CMG cohorts studying clinical characteristics with different conclusions. Gui et al. reported the long-term follow-up results of 424 CMG patients in which they found only 16.7% of the cases improved significantly (6). Huang et al. studied a juvenile MG (JMG) cohort in southern China in which they observed a higher optimal outcome rate (59.6%) (11). In addition, their study revealed AChR-Ab titer as an independent risk factor for generalization (11). Vanikieti et al. reported that in juvenile OMG, ptosis was more responsive to the treatments than duction limitation (5). Vecchio et al. studied a pediatric cohort which included 74 patients and revealed that onset age younger than 10 years, lack of AChR-Ab on radioimmunoprecipitation and normal repetitive nerve stimulation (RNS) at diagnosis were associated with a higher likelihood of drug free remission (4). Here we have summarized and analyzed our data, hoping to find out some biomarkers to help to predict the outcome then precisely choose optimal therapies and achieve a better outcome for CMG patients in the future.



Materials and methods

This is a retrospective study. It was approved by the ethical committee of Xiangya Hospital, Central South University and was conducted according to the tenets of the Declaration of Helsinki. Clinical information was obtained from medical records. Informed written consents were provided by the parents/guardians of the participants.

All patients recruited were diagnosed with MG before the age of 14 years from June, 2010 to December, 2019 at the Department of Pediatrics, Xiangya Hospital, Central South University, including in- and out-patients. The inclusion criteria were: (1) children who developed symptoms and were diagnosed before the age of 14 years, (2) cases that presented with typical fluctuating weakness and fatigability of the affected muscles, (3) cases with at least one of the following confirmatory tests: (a) unequivocally positive response to intramuscular injection of a bolus of neostigmine sulfate, (b) positive serum AChR or MuSK antibodies, and (c) positive repetitive nerve stimulation (RNS) results (6). Patients diagnosed with alternative diseases such as transient neonatal MG and congenital myasthenic syndrome during the follow-up were excluded. Totally, we recruited 343 CMG patients for clinical characteristics study, of them, 164 cases were followed up for longer than 2 years to analyze the treatments and possible factors that can influence the outcome. We divided the 164 patients into two groups: one group contained patients who remained with OMG (OMG-R) phenotype at the end of follow-up, the other group named GMG group which included cases presented as GMG at onset and the ones who secondarily progressed into GMG (SGMG) during the follow-up.

The AChR and MuSK antibodies were measured using enzyme-linked immunosorbent assay (ELISA), and the titer above 0.45 nmol/L for AChR-antibody was considered positive; while for MuSK-antibody, the titer ≥0.4 U/ml was considered positive according to the manufacturer's instructions (IBL International GmbH, Germany). RNS was performed whenever possible. Thyroid related examinations including T3, T4, thyroid stimulating hormone (TSH), anti-thyroglobulin antibody (TG-Ab), anti-thyroid peroxidase antibody (TPO-Ab) and other connective tissue diseases related autoantibodies were measured in most of the cases. Abnormal levels of T3, T4, TSH, TG-Ab or TPO-Ab were collectively referred as thyroid-related abnormality. During the follow up, we evaluated complete blood count, liver and renal function, muscle enzymes and electrolyte regularly to monitor the side effects when we prescribed glucocorticoid and other immunosuppressants. The thymus status was evaluated via chest x-ray or computed tomographic (CT) scan.

The clinical data including age of onset, gender, family history of autoimmune diseases, proceeding events, initial manifestations, duration, complications, autoantibodies status, RNS results, thymus status, clinical types of classification, treatment modalities and outcome were collected. Patients were usually asked to visit pediatric neurologists every 1–2 months at the beginning of treatments, then every 3 months for therapy adjustments when the disease statuses were stable, the visit intervals were extended to 6 months or longer when the patients became symptoms free. Telephone or online communications were employed when the patients became asymptomatic or drugs had been withdrawn for years.

A routine therapeutic regimen was employed to treat CMG in our center. Briefly, all patients were prescribed with oral pyridostigmine (Py) firstly. If the improvement was not satisfactory or even became deteriorated for a few weeks to months, glucocorticoid (GC) was added. If the responses were still poor after an adequate trial of GC, or GC could not be withdrawn due to symptoms relapse or if the use of GC was contraindicated due to the basic condition of the patients, nonsteroidal immunosuppressants (IS) were added. Azathioprine, tacrolimus, mycophenolate mofetil and so on were chosen as immunosuppressants for different patients based on the individual's situation. About the use of GC, two approaches existed in this study. In the early years, for some patients we used intravenous methylprednisolone pulse (IVMP) at the beginning and then switched to oral prednisone, while for the others especially the ones treated within recent years, we prescribed oral prednisone directly. We started with high dose of oral prednisone (0.5–0.75 mg/kg.d), if the response was not satisfactory, the dose was increased to a maximum of 2 mg/kg.d (all less than 60 mg/day in total). After achieving optimal response, we tapered prednisone gradually to a relative low dose which could keep the patients in a stable status. If the symptoms relapsed during the tapering course or after withdraw, we resumed back to the previous dose or restarted the use of GC or added another IS. No thymectomy was performed in this study because doctors and parents were more concerned about the role of the thymus in the development of the immunological system.

Myasthenia Gravis Foundation of America (MGFA) classification was used to evaluate disease severity (12), among of them, class I was referred to ocular MG (OMG), and class II-V were combined as generalized MG (GMG). At the end of the follow-up, the clinical status was determined according to MGFA Post-Intervention Status (MGFA-PIS) (12). Based on the outcome, we grouped patients into: (1) optimal outcome group: including complete stable remission (CSR), pharmacologic remission (PR) and minimal manifestation (MM); (2) poor outcome group: including unstable status (US, consisting of improved, unchanged, worsened and exacerbated) and death (D).

Statistical analysis was performed with SPSS 24.0 software. For comparison between groups, the Student's t-test and the χ2 test or Mann-Whitney U test were used, and a P < 0.05 was considered to be statistically significant. Whereas, logistic regression analysis was used to evaluate factors that may affect the outcome or generalization.



Results


Clinical characteristics of 343 CMG patients

We retrospectively reviewed clinical records of 343 CMG patients. The clinical characteristics are summarized in Table 1. In total 137 males and 206 females were included, the male-to-female ratio was 1:1.5. The median onset age was 34 months (ranged from 3 months to 13 years and 1 month). The onset age distribution is shown in Figure 1; 8 cases (2.3%) had onset age of less than 1 year, 174 cases (50.7%) between 1 and 3 years, 115 cases (33.5%) between 3 and 7 years, 29 cases (8.5%) between 7 and 10 years, while 17 cases (5.0%) after 10 years. Forty-eight cases (48/300, 16%) had thyroid-related abnormalities, among them 6 were diagnosed with hyperthyroidism while 1 with hypothyroidism, 1 with Henoch-Schonlein purpura (HSP) and 1 with type I diabetes. Nineteen cases (5.5%) had autoimmune diseases family history, among of them, 11 with family history of thyroid diseases (hyperthyroidism was the most common), 2 with family history of MG, 1 with family history of SLE, 1 with family history of leukoderma and 1 with family history of allergic rhinitis.
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FIGURE 1
Childhood-onset myasthenia gravis onset age distribution. The number of patients were calculated based on the onset age. Of 343 cases, 174 had onset age between 1 and 3 years, 8 less than 1 year, 115 between 3 and 7 years, 29 between 7 and 10 years, and 17 older than 10 years.



TABLE 1 Clinical characteristics of 343 childhood-onset myasthenia gravis patients.
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The preceding events which might had triggered the disease included previous respiratory tract infection (46/305, 15.1%), injuries around the eyes (8/305, 2.6%), vaccinations (5/305, 1.6%), and mosquito bites around the eyes (1/305, 0.3%).

Three hundred and thirty cases (330/343, 96.2%) presented with OMG at onset, including 301 (87.8%) with ptosis only, 12 (3.5%) with diplopia or ocular duction limitation without ptosis, and 17 (5.0%) with combination of ptosis and diplopia or ocular duction limitation. Thirteen cases (3.8%) showed GMG symptoms at onset.

In regards to diagnosis, of the 337 cases who received bolus of neostigmine sulfate intramuscularly, 324 cases (96.1%) showed positive responses. AChR-Abs were detected in 193 cases, 82 cases (42.5%) showed positive results; while 12 cases (12/180, 6.7%) were positive for MuSK antibody tests (including 1 patient with both AChR-Abs and MuSK-Abs at the same time). RNS was carried out in 96 patients and abnormal results were found in 39 cases (40.6%).

Three hundred and twenty-one patients received thymic examination; 20 accepted chest x-ray while 301 underwent CT scan. Of them, 50 cases (15.6%) showed hyperplasia, 6 (1.9%) were suspected to have thymoma, however, during our follow-up period, no thymectomy was performed and no thymoma was confirmed based on histopathology.



Treatments and outcome of 164 CMG patients with follow-up duration longer than 2 years

One hundred and sixty-four cases were followed up for longer than 2 years. Three patients presented with GMG initially while 161 cases presented with OMG at onset. Of the 161 cases who presented with OMG initially, 142 (86.6%) had OMG-R at the end of follow-up, 19 progressed to secondary generalized myasthenia gravis (SGMG), 10 of them transformed within 2 years after onset.

About the treatments, as shown in Figure 2, in the OMG-R group, 27 cases accepted Py only, 89 cases accepted the combination of Py + GC, 25 cases accepted Py + GC + IS, and 1 patient accepted Py + IS without GC due to the comorbidity of diabetes. Among the GMG group, 6 and 16 patients accepted the treatments of Py + GC and Py + GC + IS, respectively. Immunosuppressants were more used in the GMG group compared to the OMG-R group (χ2 = 29.609, P = 0.000). We also analyzed the possible long-term effects of different ways of administrating GC. To exclude other interferences, we performed this comparison within OMG-R group accepting Py + GC. Of the 89 cases, 24 cases accepted high-dose IVMP therapy at the beginning then switched to oral prednisone, whereas, 65 cases received oral prednisone directly. At the endpoint, for those who received IVMP, 19 and 5 cases reached optimal and poor outcome respectively, while 46 and 19 cases that received direct oral prednisone reached optimal and poor outcome respectively. There was no difference between the two ways of administrating GC in regards to long-term outcome (χ2 = 0.628, P = 0.428).
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FIGURE 2
Treatment strategies distribution in remained ocular myasthenia gravis (OMG-R) and generalized myasthenia gravis (GMG) groups. The number of patients who were followed for longer than 2 years in each group (OMG-R or GMG) were calculated based on different treatment strategies. Py, treated with pyridostigmine only; Py + GC: treated with pyridostigmine and glucocorticoid; Py + GC + IM: treated with pyridostigmine, glucocorticoid and other immuosuppressants; Py + IM: treated with pyridostigmine and other immuosuppressants.


With regards to the outcome, among the OMG-R group, 61, 4, 29, 48 cases reached CSR, PR, MM, and US, respectively, while in the GMG group, 1, 1, 5, 13, 2 patients reached CSR, PR, MM, US, D of MG respectively (Figure 3). The optimal outcome (consisting of CSR, PR and MM) proportion was higher in OMG-R group (66.2%) than in GMG group (31.8%) (χ2 = 9.517, P = 0.002).
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FIGURE 3
Outcome distribution in remained ocular myasthenia gravis and generalized myasthenia gravis groups. The number of patients who were followed for longer than 2 years in each group (OMG-R or GMG) were calculated based on different outcomes. CSR, complete stable remission; PR, pharmacologic remission; MM, minimal manifestation; US, unstable (including improved, unchanged, worsened and exacerbated); D, death.


About the factors that may affect the long-term outcome, as shown in Table 2, we analyzed gender, onset age, proceeding events, disease severity (classified as OMG-R or GMG), AChR-Abs status, abnormal RNS, thyroid-related abnormalities and family history of autoimmune diseases. Univariate logistic regression analysis revealed that there's no difference between the optimal and poor outcome group with regards to gender, onset age, proceeding events, abnormal RNS, thyroid-related abnormalities and family history of autoimmune diseases, but we noticed more OMG-R cases and less AChR-Abs positive cases within the optimal outcome group compared with poor outcome group. When we analyzed these findings with multivariate logistic regression, we found that GMG type (OR = 4.164; 95%CI, 1.419–12.220) and positive AChR-Abs status (above 0.45 nmol/L) (OR = 2.727; 95%CI, 1.209–6.153) were independent risk factors for poor outcome. Abnormal RNS appeared more common in the poor outcome group but without statistical significance. To further investigate the predictive role of RNS, we compared cases with abnormal RNS findings against those with normal RNS findings. There were 21 cases with abnormal RNS findings, and 2 of them reached CSR. Whereas, among 24 cases with normal RNS results, 11 of them achieved CSR, indicating that CSR proportion was significantly higher in the group with normal RNS findings (χ2 = 7.188, P = 0.007).


TABLE 2 Comparison of clinical characteristics between optimal and poor outcome group.
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During the follow up, we also evaluated the side effects of the treatments. The side effects such as gain of weight and slow growth were very common for the glucocorticoid especially when the dose was above 0.5 mg/kg.d, these effects disappeared soon when glucocorticoid was tapered. Totally we used other IS in 42 patients. Among them, azathioprine was used in 17 cases, tacrolimus in 29 cases, mycophenolate mofetil in 5 cases and cyclosporin in 3 cases. For the side effects of azathioprine, one case was observed with decreased white blood cells (WBC) 9 months after the addition of azathioprine and when it was withdrawn the number of WBC recovered, two cases with decreased hemoglobin, one other case was found to have abnormal glutamic-pyruvic transaminase (ALT) and creatine kinase (CK), these changes were transient and recovered automatically which didn't lead to the withdraw of the drug. For tacrolimus, increased uric acid in 6 cases, increased CK in 5 cases, increased ALT in 1 case and hypomagnesemia in 2 cases were observed-all the abnormal parameters were slight as well as transient and recovered automatically which didn't lead to the withdraw of the drug. For the few cases prescribed with mycophenolate mofetil and cyclosporin, no obvious abnormalities were observed. So during the treatment with immunosuppressants, the routine side effects of glucocorticoid were definite and common although disappeared soon when it was tapered, for other immunosuppressants, we only withdrew azathioprine in one case due to decreased WBC but we didn't see severe side effects. Basically, we think our patients were tolerant with these immunosuppressants.



Transformation of OMG to GMG

At the end of the follow-up, 19 out of the 161 cases progressed into SGMG. The median duration from onset to progression to SGMG was 68 months; for 52.6% of the cases it was less than 2 years while for 15.8% of the cases it was longer than 5 years. We tried to find any factors that may affect this transformation. Univariate logistic regression analysis revealed none of the factors including gender, age of onset, follow-up duration, proceeding events, onset manifestation, AChR-Abs status, abnormal RNS and thyroid-related abnormalities were closely associated with the progression (Table 3).


TABLE 3 Comparison of clinical characteristics between cases that remained with ocular myasthenia gravis with secondary generalized myasthenia gravis.
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Discussion

According to previous studies, CMG accounts for around half of the total MG population in China, and there is still no universal treatment guideline for this special group (6, 11). A few studies of CMG patients have reported the predictors for relapse as well as generalization, nevertheless, some of the conclusions are controversial. It requires more clinical and basic researches to identify the prognostic factors for outcome as well as generalization that can guide in the provision of the appropriate treatment regimens which can control the symptoms well with tolerable side effects at the same time.

In this study, we have described clinical characteristics of our 343 CMG patients, it is one of the biggest CMG cohorts reported yet. Previous studies in China showed that CMG manifested mainly before puberty, the most common onset symptom was ptosis, and the rate of generalization of CMG was pretty low (less than 20%) (6, 11, 13). In our study the median onset age was 34 months with a peak between 1 and 7 years (84.2% in total), the male-to-female ratio was 1:1.5 showing a minor female predominance. Consistent with previous studies (6, 11), we found that 96.2% of the patients presented with ocular symptoms only at onset, ptosis was the most common symptom, and 86.6% remained with OMG at the end of point when we followed up 164 cases for longer than 2 years. Similar to previous study (13), thyroid-related abnormalities and family history of autoimmune diseases were common in our study, indicating thyroid function as well as the related autoantibodies should be examined routinely for CMG patients.

Previous studies from China reported an AChR-Abs positivity rate between 40% and 78% (6, 13), while this rate was relatively higher in other countries (8, 14). In our current study, the positivity rate of AChR-Abs was 42.5%. One reason for the relatively low rate is that we had a high proportion of OMG, the other reason is that we detected it with ELISA which is less sensitive compared to cell-based assay (CBA) (10). We found 12 positive cases for MuSK-Abs, since this figure was too small and the clinical situations varied we didn't analyze these patients. The rate of thymus hyperplasia was only 15.6% in our cohort, lower than the published one (6), and we couldn't confirm a thymoma with histopathology.

The treatment strategies for CMG patients vary among different regions and ethnics groups, patients within the CMG entity are more reluctant to take immunosuppressants. With regarding to side effects, we observed definite and common side effects for GC, but other IS seemed safe and well-tolerated in our study indicating other immunosuppressants might be considered earlier than we have been doing previously. Gui et al. reported a significant improvement rate of only 16.7% in their CMG cohort (6), while Huang et al. claimed an optimal outcome rate was achieved to 59.6% in a Juvenile MG (JMG) cohort (11). The differences were observed probably due to the different usages of immunotherapy and the duration of follow-up because some patients got relapses after the so-called CSR for longer than 1 year (6). We analyzed the treatments and outcome in 164 patients with longer than 2 years of follow-up. Twenty-seven of them responded well to pyridostigmine only, the others including the OMG-R ones needed GC and/or other IS to achieve a satisfactory status. A few studies reported the efficacy of IVMP in improving ocular symptoms (15, 16). We also gave IVMP as a first therapy in the early years and we found that the choice of glucocorticoids either IVMP first or direct oral prednisone made no difference with regard to the long-term outcome of OMG-R cases, consistent with our previous study (17). Since giving IVMP at the beginning may lead to exacerbation of the condition even MG crisis (18), we gave up this way of giving glucocorticoid in recent years. Although GC and IS were used more common in GMG group than in OMG-R group, the optimal outcome rate in the GMG group was lower, indicating that disease severity was a prognostic factor for the outcome. GMG predicted poorer outcome and required more progressive immunosuppressive treatments earlier in our CMG. When we divided patients into optimal and poor outcome groups to explore the possible prognostic factors, we found that GMG type and positive AChR-Abs status were independent predictors for poor outcome. Vecchio et al. reported that AChR antibodies status was a significant predictor for drug free remission (4), Huang et al. revealed AChR-Ab titer was an independent risk factor for generalization (11), both are consistent with our results in a way. We also noticed that normal RNS predicted a higher possibility of CSR, due to the small sample size, further investigations will be needed to evaluate its role in predicting the long-term outcome of CMG.

Within the 161 initial OMG patients, 11.8% progressed into SGMG, this figure is also consistent with previous report from China (6). Wang et al. reported that thymic hyperplasia could predict generalization within the first 6 months (19). Huang et al. found that AChR-Ab titer was an independent risk factor for generalization (11), however, when we used logistic regression to analyze the possible factors that may contribute to this generalization, we could not find any. One possible reason may be that the size of the transformed population was too small.

It should be pointed out that there are several limitations in this study. It is a retrospective study and done within one hospital so bias may exist. For some patients the antibodies were measured with positive results not at the onset while post-immune therapy, and we didn't recheck the level of the antibodies from time to time, so we didn't evaluate the antibody titer related effects. In comparison to other centers, none of our patients received thymectomy suggesting that doctors in our center are more reluctant to perform such kind of surgery in CMG patients. Notably, this may lead to the loss of data which could be used to evaluate the therapeutic effects of thymectomy in CMG. At last, the number of patients using other immunosuppressants was too small, which made it difficult to compare the therapeutic as well as side effects between the individual drug. Longer follow-up as well as multi-center studies may provide further insights into the clinical characteristics of this special MG entity, finding out the useful prognostic factors which could be used as determinants in choosing immunotherapy.



Conclusion

In conclusion, our data confirmed that the peak age of CMG in China is pre-puberty, most of the cases remain with the OMG type, and the transformation proportion of OMG into GMG is low. GMG type as well as positive AChR-Ab status predict relatively poor outcome and may require more aggressive treatments. Most of our CMG patients need GC or together with IS treatment to achieve optimal outcome.
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