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Background: A subset of myasthenia gravis (MG†) patients is refractory to standard ther-
apies. Identifying the characteristics of this population is essential as newer treatment strate-
gies emerge that may be more effective in this group.  

Objective: The aim of our study is to describe the clinical features of refractory MG patients
and compare them to those of non-refractory patients. 

Methods: A retrospective chart review was completed of 128 MG patients referred to a ter-
tiary neuromuscular clinic from 2003 to 2011. Patients were classified as refractory or non-
refractory based on predefined criteria, and clinical features were compared.

Results: Nineteen out of 128 patients were classified as refractory (14.8 percent). Com-
pared to the non-refractory patients, the refractory patients were more likely to be younger
at onset, female, thymomatous, and MuSK-antibody positive. 

Conclusion: Refractory MG patients represent a small but distinct group for whom explor-
ing newer therapeutic approaches and immunopathologic differences is warranted.  
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intROduCtiOn

Myasthenia gravis (MG) is an autoimmune

neuromuscular disorder characterized by fati-

gable muscle weakness. MG is specifically

thought to be an antibody-mediated disease. In

approximately 85 percent of patients, antibodies

are detected against the nicotinic acetylcholine

receptor (nAChR) at the neuromuscular junc-

tion [1-3]. The remaining patients have anti-

bodies against other components of the

postsynaptic muscle endplate, such as muscle-

specific receptor tyrosine kinase (MuSK), or are

double seronegative (unidentified or undetected

antibody) [2,3].

Current treatment options include

acetylcholinesterase inhibitors, short-term

immune therapies such as plasmapheresis or

intravenous immunoglobulin (IVIG), and

long-term immune therapies with immuno-

suppressive agents such as corticosteroids,

azathioprine, and cyclosporine. Thymec-

tomy is also a treatment option [2-4].

In spite of these treatments, a subset of

patients remains refractory to conventional

therapies [5]. Refractory MG patients experi-

ence frequent clinical relapse upon tapering

their immunotherapy, are not clinically stable

on their immunotherapy regimen, or develop

severe side effects from immunosuppressive

therapy [6]. Despite research on MG, rela-

tively little is known about these patients. In-

vestigating the unique clinical features of this

patient population may help to identify these

patients and customize treatment strategies. In

our study, we retrospectively categorized MG

patients as refractory or non-refractory based

on predefined criteria and compared clinical

characteristics between the two groups. 

MethOds

Patients

We conducted a retrospective study of

128 sequential MG patients referred to our

neuromuscular clinic from September 2003 to

February 2011. All patients had a confirmed

diagnosis of MG based on the following cri-

teria: 1) presence of anti-AChR or anti-MuSK

antibodies in conjunction with either a posi-

tive decremental response on repetitive nerve

stimulation testing at 3 Hz or a clinical exam-

ination consistent with MG or 2) positive

decremental response on repetitive nerve

stimulation testing at 3 Hz in conjunction with

a clinical examination consistent with MG and

absence of other disorders that can produce

weakness or fatigue. Refractory patients were

defined as those who could not lower their im-

munotherapy without clinical relapse, were

not clinically controlled on their immunother-

apy regimen, or had severe side effects from

immunosuppressive therapy. The study was

approved by the Yale Human Investigation

Committee. 

Statistical Analysis

Data analyses were performed using

Shapiro-Wilk tests, chi-squared tests, Fis-

cher’s exact tests, and Wilcoxon two-sam-

ple tests on SAS and GraphPad. Results

were considered significant when p < 0.05. 

Results

Patients

Nineteen patients were identified as re-

fractory by our definition, and 109 were

classified as non-refractory. Table 1 shows

for each refractory patient the age of onset,

gender, antibody status, previous therapies,

and which refractory criteria were met. 

Age of Onset

The age of onset for our total patient

population was not normally distributed ac-

cording to the Shapiro-Wilk test (p = 0.01),

with a median of 55 years and an interquartile

range (IQR) of 38-69 (Table 2). The median

age of onset of the refractory group was 36

with an interquartile range of 28-51, whereas

the median age of onset of the non-refractory

group was 60 with an IQR of 42-72. A com-

parative histogram of the refractory and non-

refractory groups was suggestive of a

bimodal distribution for the latter group with

a peak below age 40 and a second peak above

age 50, as has been previously reported (Fig-

ure 1) [7]. Because the age of onset was not

normally distributed for the non-refractory
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group (p = 0.01), we used the Wilcoxon two-

sample test to compare the two groups and

found the age of onset of the refractory group

to be significantly lower than that of the non-

refractory group (p < 0.001). 

Gender

Out of our total patient population, 51

percent were female. A significantly higher

proportion of refractory patients were fe-

male in comparison with non-refractory pa-

tients (Table 2). Fourteen out of 19

refractory patients and 51 out of 109

non-refractory patients were female,

comprising approximately 74 percent

and 47 percent of the two groups, re-

spectively (p = 0.03). 

Antibody Status

We also determined the percent-

age of patients with anti-AChR and

anti-MuSK antibodies. Antibody sta-

tus was known for 115/128 (90 per-

cent) patients, and of these, 82 (71

percent) had anti-AChR antibodies, 11 (10

percent) had anti-MuSK antibodies, and 22

(19 percent) were seronegative for both anti-

AChR and anti-MuSK antibodies (Table 2).

To look for differences in antibody status be-

tween the refractory and non-refractory

groups, we compared the 19 refractory pa-

tients and 96/109 (88 percent) non-refrac-

tory patients for whom antibody status was

available. We found that 47 percent of re-

fractory patients and only 2 percent of non-
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table 1. Characteristics of refractory MG patients.

Patient

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

Antibody

status

MuSK

MuSK

MuSK

MuSK

MuSK

MuSK

MuSK

MuSK

MuSK

AChR

AChR

AChR

AChR

AChR

AChR

AChR

AChR

AChR

AChR

Gender/

Age of onset

F/53

F/51

F/29

F/28

F/36

F/17

F/20

F/43

M/62

M/24

M/59

M/62

M/28

F/17

F/35

F/48

F/50

F/35

F/35

Refractory

Criteriaa

1, 2, 3

1, 2, 3

1, 2, 3

1, 3

1, 2, 3

1, 2, 3

1, 2, 3

1, 2, 3

1, 2, 3

2

1, 2, 3

1, 2, 3

1

2, 3

1, 2, 3

1, 2, 3

1, 2, 3

2

1, 3

Previous MG therapiesb

Az, PPX

Az, IVIG, Pyr

IVIG, PPX, Thy

Pyr, Thy

IVIG, Pyr

Az, IVIG, Pyr, Thy

P, PPX

Cs, IVIG, MM, MTX, Pyr, PPX, Ta, Thy

IVIG, MM, P

P, PPX, Pyr, Thy

Az, IVIG, P

Az, IVIG, P, PPX, Thy

Az, MM, P, Pyr, PPX, Thy

IVIG, P, PPX, Pyr, Thy

Az, P, PPX, Thy

Az, IVIG, P, PPX, Pyr, Thy

Az, MM, P, PPX, Pyr, Thy

IVIG, P, Pyr, Thy

Az, P, Thy

aRefractory Criteria: (1) inability to lower immunotherapy without clinical relapse, (2) not clinically con-

trolled on immunotherapy regimen, (3) severe side effects from immunotherapy.
bAz, azathioprine; Cs, cyclosporine; IVIG, intravenous immunoglobulin; MM, mycophenolate mofetil;

MTX, methotrexate; P, prednisone; PPX, plasma exchange; Pyr, pyridostigmine; Ta, tacrolimus; Thy,

thymectomy.

Figure 1. Distribution of age of onset in refractory

vs. non-refractory MG patients.



refractory patients had anti-MuSK antibod-

ies (p < 0.001). Furthermore, 23 percent of

non-refractory patients were seronegative,

while no refractory patients were seronega-

tive (p = 0.02). The proportion of refractory

patients with anti-AChR antibodies was 53

percent, marginally lower than the 75 per-

cent observed in the non-refractory group (p

= 0.05). 

Thymectomy

In our patient population, a significantly

higher proportion of refractory patients re-

ceived thymectomy. Thirteen out of 19 re-

fractory patients (68 percent), in contrast to

18 out of 109 non-refractory patients (17

percent), underwent thymectomy (p < 0.001;

Table 2). Thymectomy approaches included

transsternal, video-assisted thoracoscopic,

and robotic thymectomy. Five of the 13

thymectomized refractory patients (39 per-

cent) and nine of the 18 thymectomized non-

refractory patients (50 percent) had

pathologically confirmed thymomas (p =

0.72). All patients with computed tomogra-

phy (CT) or pathologically confirmed thy-

moma received a thymectomy. 

Thymoma Status

Information regarding thymoma status

was available for 77 (60 percent) out of 128

patients, and of these, 14 (18 percent) pa-

tients had thymomas (Table 2). Thymoma

status was available for 66/109 (61 percent)

non-refractory patients and 11/19 (58 per-

cent) refractory patients. When we com-

pared the patients in the two groups for

whom thymoma status was available, 14

percent of non-refractory patients and 45

percent of refractory patients were found to

have thymomas (p = 0.02).

disCussiOn

We have reported on the clinical fea-

tures of MG patients with refractory disease,

defined by their inability to reduce im-

munotherapy without clinical relapse, inad-

equate response to immunosuppressive

therapy, or the development of severe side

effects to immunosuppressive medications.

These patients were found to be distinct

from the general MG patient population in

terms of age of onset, gender proportion,

thymoma status, and antibody status, char-

acteristics that may help to identify these pa-

tients in the clinic. 

The findings of some previous studies,

while not specific to refractory disease, are

suggestive of our observation that a higher

proportion of refractory patients than non-

refractory patients have autoantibodies

against MuSK. Studies have found that

while MuSK-antibody positive MG patients

generally respond to conventional im-

munotherapy, and therefore are not refrac-

tory by our definition, they require higher

corticosteroid doses to manage symptoms

and have lower remission rates than AChR-

antibody positive patients [8,9]. Thus, it is

conceivable that MuSK-antibody positive

MG patients would be more likely to have
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table 2. Comparison of non-refractory and refractory MG patients.

Median age of onset, years (iQRa)

Female, n (%)

Antibody status available, n (%)

Anti-AChR+

Anti-MuSK+

Double Seronegative

thymectomy, n (%)

thymoma status available, n (%)

Thymomatous

Nonthymomatous

aIQR, interquartile range; bFor comparisons of non-refractory vs. refractory

total 

(n=128)

55 (38-69)

65 (51)

115 (90)

82 (71)

11 (10)

22 (19)

31 (24)

77 (60)

14 (18)

63 (82)

non-refractory

(n=109)

60 (42-72)

51 (47)

96 (88)

72 (75)

2 (2)

22 (23)

18 (17)

66 (61)

9 (14)

57 (86)

Refractory

(n=19)

36 (28-51)

14 (74)

19 (100)

10 (53)

9 (47)

0

13 (68)

11 (58)

5 (45)

6 (55)

p-valueb

<0.001

0.03

0.05

<0.001

0.02

<0.001

0.02



refractory disease, as our study found. 

A literature search did not reveal studies

specifically on the clinical features of refrac-

tory patients, but mostly case series and short

descriptions of refractory patients as part of

larger studies aimed at evaluating the effec-

tiveness of nonconventional therapies for the

treatment of refractory disease [10-13]. Al-

though the methods for classifying patients

as refractory varied slightly among the stud-

ies, poor response to conventional immuno-

suppressive therapies was commonly

accepted as one of the defining features of

refractory disease. Unfortunately, the find-

ings of our study cannot be compared to

these studies because their descriptions of re-

fractory patients were limited to the subset

of refractory patients who consented to re-

ceive the study-specific treatments and no

comparisons were made to non-refractory

patients in terms of the clinical features that

were examined in our study.

A reason for the lack of information on

refractory MG patients as a whole could be

that these patients are rare. Out of the 128

patients that were seen in the Yale Neuro-

muscular Clinic over a span of almost 7.5

years, only 19 (14.8 percent) were refractory

by our definition. Even this rate is likely to

be an overestimate of the true prevalence,

considering that our center is a tertiary re-

ferral site. 

The small sample size of refractory pa-

tients and single center analysis are limita-

tions of our study. A multi-institutional

collaboration that examines more clinical

features of a greater number of refractory

patients may reveal further characteristics of

this unique subset of patients. A common set

of specific criteria to classify patients as re-

fractory is called for, as they currently dif-

fer among research groups.

In conclusion, our results show that re-

fractory MG patients are a subset of MG pa-

tients with clinical features that are distinct

from those of non-refractory patients. These

patients are more likely to be female and

have an earlier age of onset, thymomas, and

anti-MuSK antibodies. The unique charac-

teristics of refractory patients suggest un-

derlying biological differences between the

non-refractory and refractory MG groups.

We propose further exploring the im-

munopathologic mechanisms of disease, as

understanding the differences at the molec-

ular level may help to identify these patients

earlier and also develop more effective tar-

geted therapy. Studies geared at identifying

biomarkers and other predictors of treatment

responsiveness are needed at this time. 
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