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Twenty-four patients with myasthenia gravis were 
treated with azathioprine. Eighteen of the patients toler- 
ated the drug. Six discontinued azathioprine therapy be- 
cause of toxicity. Of the 18 patients, 15 (83%) improved 
while receiving azathioprine; in 8 (44%) improvement 
was felt to result solely from azathioprine. Initial re- 
sponse was seen after 4 to 10 months of treatment, with a 
mean of 6.4 months. Patients continued to improve for 
up to 24 months, with the mean time of peak im- 
provement being 14 months. Relapse occurred within 
one year in all 6 patients in whom azathioprine adminis- 
tration was discontinued. Azathioprine is a reasonable 
alternative to corticosteroids in selected myasthenic pa- 
tients requiring immunosuppression. 
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Treatment for myasthenia gravis (MG) in the United 
States includes administration of anticholinesterases 
and corticosteroids, thymectomy, and plasmapheresis 
(31. The use of cytotoxic immunosuppressive agents, 
unless combined with plasmapheresis, is not widely re- 
ported. There have been reports from other countries, 
however, of therapeutic success with either cyclophos- 
phamide C71 or azathioprine [ I ,  4-61. We report our 
experience with azathioprine in MG. 

Patients and Methods 
We reviewed the records of patients with MG who had been 
treated with azathioprine at the Hospital of the University of 
Pennsylvania, and analyzed the 24 patients with clinically 
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generalized MG who tolerated azathioprine for at least 6 
months or who discontinued azathioprine therapy because of 
toxicity. 

Treatment with azathioprine was begun at a dose of 50 mgl 
day, with weekly increments of 50 mg until a total dose of 2 
to 3 mg per kg of body weight was reached or toxicity neces- 
sitated cessation of therapy. A complete blood count and 
liver function tests were performed prior to therapy and were 
repeated at three days and then at weekly intervals until the 
maintenance dose was established. These tests were then re- 
peated every 4 to 6 weeks. No attempt was made to change 
the white blood count or total lymphocyte count to any pre- 
determined level. 

Results 
Azathioprine therapy was initiated for a variety of rea- 
sons. Eight patients were regarded as treatment failures 
with prednisone, thymectomy, or both. Ten patients 
had complications resulting from prednisone treatment 
(diabetes, cataracts, gastritis, marked weight gain, and 
myopathy). Preexistent marked obesity, diabetes, and 
hip osteoarthritis were relative contraindications to the 
use of prednisone in 3 patients. Two patients refused 
other forms of therapy, and 1 was thought to be at less 
risk from azathioprine than prednisone because of his 
age (74 years). 

Eighteen patients were able to tolerate azathioprine 
for longer than 6 months. Fifteen (83%) definitely im- 
proved while receiving azathioprine (Tables 1 and 2),  
with improvement defined as either agreater than 50% 
reduction in daily prednisone dosage with or without 
clinical improvement, or clinical improvement of at 
least one grade in the Osserman classification [3}. Eight 
patients (44%) achieved complete pharmacological 
clinical remissions and became symptom free while re- 
ceiving azathioprine alone. 

The initial clinical response was seen after 4 to 10 
months of treatment (mean, 6.4 months). Continued 
improvement was seen for up to 24 months following 
the initiation of therapy, with the peak of improvement 
occurring at a mean of 14 months. In patients requiring 
prednisone prior to azathioprine therapy, the mean 
dosage was reduced from 48 to 4.4 mg a day. Re- 
sponses to azathioprine occurred at dosages ranging 
from 1.1 to 3.8 mg/kg/day (mean, 2.3 mg/kg/day). 
Three patients had no definite improvement. 

Six patients developed toxicity necessitating cessa- 
tion of azathioprine treatment (Table 3). In 5 of these 
toxicity occurred early in therapy. Dose-related toxicity 
occurred in 4 patients (see Table 3). Two developed 
transient anemia and leukopenia, and 2 developed mild 
elevations on liver function tests. These abnormalities 
resolved at lower doses of azathioprine. 

In all 6 patients thus far tapered off azathioprine, 
relapse has occurred within 3 to 12 months. Five re- 
main on regimens of azathioprine alone in complete 
pharmacological remission. 
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Table 1 .  Response to  Azathioprine and Relationship t o  Other Therapy 
~~ ~ ~~~~ - 

Date Date of Institution of Therapy P r e p  Mest" Classb 
of 

Patient No. Thx Pred Aza Pre Post Pre Post Pre Post 
~ 

1 10178 10178 10178 (0,O)' 25 0 780 0 IIB 0 
2 . . .  3/78 1/80 ( . . . ,14) 40 0 750 0 IIB 0 
3 9/79 8/79 12/79 (3,4) 40 0 630 0 IIB 0 
4 10177 10177 8/79 (26,26) 60 0 450 0 IIB 0 

6 917 1 1975 10179 (96,48) 25 10 Prn 0 IIA 0 
7 5/78 3/78-8178 1/80 (17,48) 0 0 540 540 IIB 0 
8 7/80 7/80 7/80 (0,O) 60 0 600 180 IIA 0 
9 6/79 8/79 8/79 (0,2) 40 0 480 0 IIA 1 

11 10179 11/79 11/79 (1,O) 30 30 1100 0 IIA 0 
12 3/78 3/78 5/78 (2,2) 55 0 720 0 IIB 0 
13 1/76 7/77 6/78 (30,131 55 10 900 900 0 0 
14 . . .  . . .  6/79 (, . .) . . .  . . .  450 0 IIA 0 
15 11/81 4/80 10182 (11,18) 25 25 600 600 IIA 0 

5 3/8 I 918 1 6/82 (15,9) 40 10 830 830 IIA IIA 

10 6/77 1973 4/81 (46,94) 25 10 900 900 IIA 0-IIA 

"Average daily dose. 

'Months from thymectomy to beginning azathioprine therapy, and from prednisone treatment to beginning azathioprine therapy. 

Aza = azathioprine; Pred = prednisone; Mesr = mestinon; Thx = thymectomy; Pre = before institution of azarhioprine therapy; Post = after 
institution of azathioprine therapy. 

the Osserman scale [3]. 

Table 2. Thymic Histological Findings and Time Course of Response t o  Azathioprine 

Time to Response 
Peak Dose (mo) 
Tolerated 

Patient No. Age (yr) Sex Thymic Histology (mdkdday) Initial Best 

1 54 M Th ymoma 2.0 7 14 
2 84 M , . .  1.9 8 10 
3 43 F Thymoma 3.2 4 14 
4 51 F Th ymoma 2.6 10 21 
5 69 F Thymoma 1.5 6 Ongoing 
6 36 F H yperplasia 2.5 6 9 
7 27 F involuted 3.8 4 13 
8 40 F Hyperplasia 2.4 6 13 
9 32 M Hyperplasia 2.0 4 4 

11 24 M Thymoma 2.5 6 8 

14 58 M ... 1.8 6 9 

a 

10 53 F Normal 2.2 6 Ongoing 

12 42 F Thymoma 1.9 7 24 
13 55 F Thymoma 2.3 9 Ongoing 

15 64 M Th ymoma 1.1 2 Ongoing 

"No thymectomy performed; no evidence of thymoma by radiological criteria [2]. 
M = male; F = female. 

a 
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Table 3. Azathioprine Toxicdy 

Patient No. Side Effect Result 

5 
6 

15 

16 
17 
20 
21 
22 
23 
24 

Decreased WBC at 2.3 mglkgiday 
Increased LFT values at 3.1 mgikglday 
Increased LFT values at 1.7 mglkgiday 

Mild pancytopenia at 3.4 mglkgiday 
High fever 1st wk 
Increased LFT values at 0.7 mg/kg/day 
High fever 1st wk 
Cholestatic jaundice at 2.1 mg/kg/day after 4 mo 
Severe pancytopenia at 2.6 mglkglday 
Increased LFT values at 2.0 mgikglday 

Resolved at 1.5 mgikglday 
Resolved at 2.5 rnglkglday 
Drug temporarily stopped, then restarted at I .  1 

Resolved at 2.9 rndkdddy 
Drug stopped 
Drug stopped 
Drug stopped 
Drug stopped, with return tu normal LET values 
Drug stopped 
Drug stopped 

mgikglday 

WBC = white blood count; L I T  = liver function tests. 

Discussion 
The first large experience with cytotoxic immunosup- 
pressives in the treatment of MG was that of Mertens 
and colleagues [ S ] ,  who reported 38 patients treated 
with a variety of agents (6-mercaptopurine, azathio- 
prine, methotrexate, and actinomycin D). Multimo- 
dality therapy was employed, including low-dose aza- 
thioprine (100 mg/day). From the data presented it is 
impossible to separate patients who benefited from 
azathioprine from those in whom benefit might have 
resulted at least in part from other therapies. Eighty- 
four percent, however, were stated to have improved. 
Matell and associates {4] treated 26 myasthenic pa- 
tients with azathioprine (2 mg/kg/day) who had not re- 
sponded to either corticosteroids or  ACTH, and noted 
improvement in 78%. Important factors such as rela- 
tionship to thymectomy, thymic histological findings, 
and concurrent use of steroids were not discussed. 
Mertens and co-workers (61 recently reported 78 pa- 
tients treated with azathioprine and other agents, of 
whom 7 1 showed definite improvement. 

Our data are uncontrolled, but they have been care- 
fully analyzed. Failure to improve three years following 
thymectomy or  after 6 months of prednisone treat- 
ment, with (1) subsequent improvement on a regimen 
of azathioprine or (2) relapse following tapering of 
azathioprine after prior complete pharmacological re- 
mission, appears to be reasonable evidence of azathio- 
prine response. Using these criteria, of the 15 patients 
who improved with azathioprine, 8 patients are definite 
responders. The responses in others (Nos. 1, 5, 7 , 8 , 7 ,  
11, and 15) are less certain. 

We have used azathioprine predominantly in older 
patients, avoiding women of childbearing age if at all 
possible, although there is little evidence to implicate 
the drug as teratogenic. We also attempted to withdraw 
therapy periodically in patients in complete phar- 
macological remission, particularly if thymectomy had 
been performed: all 6 patients thus managed have re- 

lapsed. Mertens and colleagues [6] reported similar re- 
sults. In patients with a long duration of illness or a 
surgically proved thymoma, it is likely that long-term 
immunosuppression will be needed [ 3 ,  81, and we do 
not now advocate withdrawal of therapy. 

We noted three types of hepatic toxicity. The first 
occurred early in therapy and was felt to be idiosyn- 
cratic. A second type occurred late, appearing im- 
mediately after dosage increments. Liver function test 
values returned to normal following either a return to 
the previous dosage or temporary discontinuation and 
reinstitution at a lower dose. Third, 1 patient devel- 
oped cholestatic hepatic toxicity after 3 months at a 
stable dose, illustrating the need for continual moni- 
toring by blood studies in all patients. 

Azathioprine is an appropriate therapy for some pa- 
tients with MG. Rather than as a last resort, azathio- 
prine should be considered early in the course in se- 
lected patients when anticholinesterases do not suffice. 
We have no fixed ages at which we will or will not use 
azathioprine. Multiple factors, such as age, sex, com- 
plicating medical problems, and patient lifestyle, all 
play a role in the decision to use azathioprine. We 
recommend azathioprine either as sole immunosup- 
pressive therapy or for its steroid-sparing effects in 
MG. 
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Computed Tomography 
- .  

in Alexander’s Disease 
Kevin Farrell, MB,‘ Sylvester Chuang, MD,? 
and Laurence E. Becker, MDI: 

Computed tomography demonstrated contrast-en- 
hancing lesions in the periventricular frontal regions, 
caudate nuclei, and thalami in an infant with Alexan- 
der’s disease. The distribution of the enhancing lesions 
corresponded to the areas in which Rosenthal fibers 
were most prominent. These radiological findings have 
not been described in other white matter diseases; thus, 
they may help to distinguish Alexander’s disease from 
Canavan’s disease and decrease the necessity for diag- 
nostic brain biopsy. 

Farrell K, Chuang S, Becker LE: Computed 
tomography in Alexander’s disease. 

Ann Neurol 15:605-607, 1984 

Alexander’s disease is a progressive, neurodegenera- 
tive disorder that can be diagnosed during life only by 
brain biopsy. We describe a distinctive pattern of con- 
trast enhancement on computed tomographic (CT) 
scan of an infant with Alexander’s disease. 

Case Report 
The first child, a female, born to a healthy father and an 
epileptic mother taking phenytoin and phenobarbital was de- 
livered by cesarean section at 43 weeks and weighed 3.2 kg. 
There was no perinatal asphyxia, and the neonatal period was 
uneventful. At 4 weeks of age the infant became sleepy and 
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Fig  1. (A) Unenhanced axial computed tomographic (CT) Scan 
with Ohio Nuclear Delta 50, showing slight dilatation of the 
frontal horns with normal gray and white matter densities. (B) 
Enhanced axial CT scan demonstrating enhancement in the 
white matter ofthe frontal horns as well as the head of the cuu- 
date nuclei. The enhancement of the thulami is not shown on this 
particular level. 

irritable and began to lose weight. At 3 weeks she was ad- 
mitted to the hospital with vomiting and inability to suck. 
Her  weight was 3.65 kg (below the 3rd percentile), length 58 
cm (75th percentile), and head circurnkrence was 38.5 cm 
(50th percentile). She was bright and alert but did not suck 
and had poor head control and generalized increase in tone. 
An unenhanced C T  scan at 11 weeks showed mild to moder- 
ate enlargement of both lateral ventricles, with normal white 
and gray matter densities (Fig 1A). Following contrast en- 
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