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Summary. Repeated methotrexate absorption studies were 
performed under standard conditions in 127 children re- 
ceiving either oral or intramuscular methotrexate for acute 
lymphoblastic leukaemia. There was marked variability in 
peak concentration, area under the serum concentration 
curve and clearance both between patients and in repeated 
studies on the same patient. Although the intramuscular 
route produced higher serum concentrations and AUC 
than the oral route, variability within and between patients 
was considerable and was most marked at higher concen- 
trations. Neither age or sex could account for variation in 
methotrexate absorption or clearance. 

Intramuscular methotrexate, although producing high- 
er serum concentrations and AUC, does not reduce the 
variability observed with oral administration. Prediction 
of subsequent methotrexate concentrations from the 
knowledge of one absorption profile is not possible. 

Introduction 

Methotrexate (MTX) is one of the main drugs used in con- 
tinuing (maintenance) therapy of childhood acute lympho- 
blastic leukaemia (ALL). However, there is uncertainty as 
to whether the risk of relapse in ALL may be influenced by 
patterns of MTX absorption. Variability in oral MTX ab- 
sorption with resultant unpredictable serum levels [1, 5, 9, 
12, 16] has been described in small numbers of patients 
with ALL. After oral administration, higher 1-h MTX con- 
centrations have been associated with a greater relapse- 
free survival rate than lower levels [5], and a higher rate of 
leukaemia relapse has been claimed in patients with faster 
systemic clearance and lower steady-state serum concen- 
trations after high-dose MTX (1 g/m 2) [7, 8]. 

In view of the marked variability in oral MTX absorp- 
tion, it has been postulated that intramuscular (i.m.) ad- 
ministration may produce less variability and more 
predictable serum concentrations. Damage to the intestinal 
mucosa occurs during the treatment of childhood ALL 
[13|, and it has been suggested that this may be a reason for 
the observed variability in oral drug absorption and may 
lead to a progressive decline in MTX absorption occurring 
during therapy. 
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Differences in MTX absorption between individuals 
have been investigated, but variation in absorption in the 
same individual has not previously been assessed. This is 
important if prediction of subsequent MTX absorption is 
to be attempted from one MTX absorption profile. 

To determine the extent of inter- and intraindividual 
variability following low-dose (20 mg/m 2) MTX adminis- 
tration and to determine whether i.m. administration pro- 
duces less variability than oral dosage, a group of 127 
children receiving MTX for maintenance therapy of ALL 
had repeated MTX absorption studies performed. 

Patients and methods 

164 children with non-T, non-B ALL were treated at the 
Hospital for Sick Children, Great Ormond Street, between 
1979 and 1982 on the PLOD protocol as shown in Fig. 1 
[3]. Induction therapy comprised vincristine, prednisolone, 
daunorubicin and late L-asparaginase. CNS prophylaxis 
comprised six doses of intrathecal MTX and cranial irra- 
diation (24 Gy until 1981, 18 Gy after 1981). 

Treatment was continued with vincristine and prednis- 
olone every 6 weeks together with MTX and 6-mercapto- 
purine. MTX was administered weekly, with the aim of 
giving a constant dose of 20 mg/m 2, either by mouth (fast- 
ing in the morning), or by a single i.m. injection. Intram- 
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Fig. 1. PLOD protocol for childhood, non-T, non-B ALL (Great 
Ormond Street Hospital, 1979). DR, daunorubicin; VCR, vincris- 
tine; PRED, P, prednisolone; Aase, late L-asparaginase; IT, in- 
trathecal; MTX, methotrexate; 6-MP, 6-mercaptopurine; ABS, 
absorption studies; BMbone marrow examination; Dose in rag/ 
m 2 except Aase u/m 2 
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uscular MTX was administered at a concentration of 
25 mg/ml to the nearest 2.5 mg. 6-Mercaptopurine was 
given daily for 2 weeks out of 3 at a dose of 70-100 mg/  
m 2, adjusted, if necessary, to maintain the neutrophil 
count above 1.0 x 109/1. 

MTX absorption studies were performed at the begin- 
ning of continuing therapy and at 12 and 18 months. 
Children received their weekly MTX under standardised, 
fasting conditions. Blood samples were obtained at 0, 0.5, 
1, 2, 3, 5, 8, 12, and 24 h. Serum MTX was measured by an 
EMIT assay [10], which not only measures MTX itself but 
may also cross-react with the two metabolites, 4-amino- 
4-deoxy-N 1°-methyl pteroic acid and to a lesser extent 
7-hydroxymethotrexate. 

A total of 164 children entered into the study of whom 
158 achieved remission. One hundred and forty-four were 
randomised to receive oral or i.m. MTX, and of these 127 
had MTX studies performed, 63 receiving i.m. MTX and 
64 receiving oral MTX. 32 i.m. and 41 oral children had 
three studies performed, 14 i.m. and 11 oral had two stud- 
ies and 17 i.m. and 12 oral had only one study performed. 

MTX absorption curves were analysed in patients who 
had complete data using analysis of variance with repeated 
measurements incorporating Ftests to detect intra- and in- 
terpatient group differences. The analyses are based on pa- 
tients who had three studies performed with nine blood 
samples in each study; 18 for oral and 20 i.m. As a number 
of patients had samples missing at one or more of the nine 
sampling times and not all patients had three studies per- 
formed, the X z and the Kolmogorov-Smirnov tests [6] 
were used to test for differences in patient characteristics 
between those with and without missing data. 

Comparisons of interindividual variability were then 
performed by Levene's test [6] and the stability of variation 
considered by diagnostic plots. 

MTX clearance (1/h/m 2) in patients receiving i.m. 
MTX was calculated from dose (~M/m2)/area under the 
serum concentration curve AUC(24) (IxM/h). The Kolmogo- 
rov-Smirnov test [6] was used to compare differences in 
clearances between the sexes and Spearman correlation to 
study the effect of age. Intrapatient variability in clear- 
ances was assessed using the paired Wilcoxon test. 

To assess intraindividual variability, coefficients of 
variation and the maximum percentage change of peak 
MTX concentration, AUC(24) and i.m. clearance were cal- 
culated in those patients with data for all three studies at 
each of the nine times over 24 h. 

Permission for the study was given by the Joint Com- 
mittee on Ethical Practice of the Hospital for Sick Chil- 

dren and the Institute of Child Health and informed par- 
ental consent for randomization was obtained for each 
child. 

Results 

Methotrexate absorption measurements 

Patients with or without missing data were found to have 
entirely similar characteristics in terms of sex (P = 0.3), 
age (P = 0.3), route of MTX administration (P =0.3) and 
white blood cell count at presentation (P = 0.06). 

The dose of MTX administered, peak MTX concentra- 
tions and AUC(24) are shown in Table 1. The time of the 
peak concentration varied from 0.5 to 3 h. The dose of 
MTX administered at the commencement of continuing 
therapy was significantly higher than that administered at 
12 months (P = 0.006) and 18 months (P = 0.016), al- 
though there was no significant difference between the 
doses at 12 and 18 months (P = 0.4). 

There was no significant correlation between the dose 
of MTX administered and peak serum concentration (r = 
-0.09) or AUC(24) (r = -0.13) at the first assessment. 
These results were similar at 12 (P = 0.2), and 18 (P = 0.1) 
months. 

Comparison of intramuscular with oral methotrexate 

Patients receiving oral MTX received significantly higher 
doses of MTX initially (P = 0.009) and at 12 months (P = 
0.06) and 18 months (P = 0.03) than those receiving MTX 
via the i.m. route. 

There was a significant difference in MTX absorption 
during the 24-h period in patients receiving i.m. rather 
than oral MTX (F = 153; P <0.0001). Intramuscular 
MTX produced significantly higher peak concentrations 
(P <0.0001) and AUG(24) (P <0.001) than oral MTX at 0, 
12 and 18 months. Comparisons by analysis of variance 
showed that the pattern of MTX absorption was sig- 
nificantly different in i.m. and oral MTX (F = 111; 
P < 0.0001) (Fig. 2). After i.m. MTX the serum concentra- 
tion rose rapidly to a peak at 30 min, but with oral MTX 
the peak was not only lower but occurred later. 

There was increasing variability at higher serum MTX 
concentrations (Fig. 2). The 95% confidence intervals in- 
crease at higher serum MTX concentrations, indicating a 
greater interpatient variability in MTX absorption in i.m. 
patients. However, this was present only at the peak ab- 
sorption times of 30 min (F = 73; P <0.0001), 1 h (F = 
37; P < 0.0001), and 2 h (F = 93; P = 0.003). Oral patients 

Table 1. MTX levels (mean and range) in 127 children receiving oral or i.m. MTX 

Dose Peak MTX concentration AUC(24~ Clearance 
(mg/m 2) (IxM) (lxM/h) (l/h/m 2) 

MTX oral 
0 months 19.6 (16.7-23.8) 0.70 (0.09-2.50) 

12 months 19.1 (14.3-24.0) 0.76 (0.23-1.36) 
18 months 19.2 (15.6-22.7) 0.77 (0.20- 1.20) 

MTX i.m. 
0 months 18.8 (15.6-21.6) 2.39 (0.04-4.14) 

12 months 18.0 (11.8-21.3) 2.22 (1.02-3.96) 
18 months 18.0 (10.0- 20.8) 2.20 (1.04- 4.24) 

3.29 (0.35- 6.55) 
• 3.31 (0.97- 5.40) 

3.36 (0.71- 5.96) 

6.48 (4.02- 9.52) 
5.87 (3.10- 10.28) 
5.43 (3.42- 7.54) 

6.66 (4.26- 10.74) 
7.19 (3.17- 15.28) 
7.57 (5.36- 12.53) 



5.0 

D2.5 

Z 
CD~0 

<C 

(-~ L5 

z 
1,1 
co 
zf.o 
cD 
co 

xo, s 

1 \ 
1 \ 
1 

l 
; \,,, 

0 . 0  ~ ) J ~ ) l ] 

0.0 0.5 1.0 2,0 5.0 5.0 8.0 12.0 24~0 

TIME (h) 
Fig. 2. MTX absorption profile in patients receiving MTX metho- 
trexate via the oral ( ) or the i.m. ( . . . .  ) route (mean _+ 
SEM) 
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Fig. 3. Distribution of MTX clearance (1/h/m 2) in those patients 
receiving the drug via the i.m. route. Results shown for 0 (M), 12 
(1~t), and 18 ( I )  months after start 

150. O0 

~ 1 2 5 ,  O0 

I - -  

I, O 1 0 D .  0 0  

2z~ 

C~ 75, O0 
L~ 
C.~ 
<C 

50, O0 

~ 2 5 ,  O0 
E 

O, O0 

= 

- -  = 

- Z = 

0 IH 0 IH IN 

MAX HT× ABSORPTION AU~24) CLEARANCE 

uM umoL/L/bP L/hp/m 2 

Fig. 4. Maximum percentage change of MTX peak concentration 
(~tM), AUC(24) (.aM/h) and clearance (1/h/m 2) between the three 
studies at commencement of continuing therapy, 12 months and 
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had relatively greater variation than i.m. patients when ad- 
justment was made for mean concentration. 

The correlation between the peak MTX concentrat ion 
or AUG(24) with the dose of MTX administered was poor 
for patients who received either oral or i.m. MTX. 

Effect o f  age and sex on methotrexate absorption 

In  neither oral nor  i.m. patients was there any significant 
correlation between age and peak MTX concentrat ion or 
AUC(24) (P = 0.48, P = 0.44 respectively), nor  were there 
any differences between males and females (P = 0.31, P = 
0.32, respectively). 

Clearance 

Intramuscular  MTX clearance varied from 3 to 15 1 / h / m  2 
with a mean of 7 1 /h /m 2 (Fig. 3). In patients studied se- 
quentially there was no significant change in MTX clear- 
ance during therapy (P = 0.97 and P = 0.6) at 12 and 18 
months compared to 0 months. The rate of MTX clearance 
did not differ between males and females at each of the 
three time points (P >0.1), nor  did age correlate signifi- 
cantly with MTX clearance (P > 0.1). 

Intraindividual variability 

There was no significant difference between the peak 
MTX concentrat ion and AUC(24), either for oral or i.m. 
MTX, at the three time points of 0, 12 and 18 months and 
there was no significant change in MTX absorption during 
therapy (F  = 0.49; P = 0.62). 

Coefficients of variation for the peak MTX concentra- 
tion, AUC(24) and i.m. clearance of MTX are shown in 
Table 2. Patients receiving oral MTX had a significantly 

Table 2, Coefficients of variation (%) for repeat values of peak 
MTX concentration, AUC(24 ) and clearance in those patients who 
had three studies performed (mean and range) 

Peak MTX AUC(24) Clearance 
concentration (.aM/h) (1/h/m 2) 
(.aM) 

Oral 27 (2.4-79) 28 (6.4-70) - 

i.m. 30 (11-55) 17 (2-35) 17 (3.2-39) 

Table 3. Correlation of MTX measurements at 0, 12 and 18 
months in 127 children receiving i.m. or oral MTX (r value/P) 

Correlation 

0 vs 12 months 0 vs 18 months 12 vs 18 months 

Peak concentration 
(.aM) 

Oral 0.41/0.07 -0.1 /0.26 0.13/0.2 
i.m. 0.1 /0.7 0.24/0.1 0.3 /0.06 

A v e ( 2 4 )  ( p ~ M / h )  

Oral 0.25/0.2 0.26/0.1 0.18/0.2 
i.m. 0.68/0.02 0.16/0.26 0.38/0.04 

Clearance (1/h/ml) 
i.m. only 0.68/0.002 0.16/0.27 0.4 /0.03 
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higher coefficient of variation for AUC(24) than those re- 
ceiving MTX via the i.m. route (P <0.01). There was no 
significant relationship between age nor sex with any coef- 
ficients of variation. 

Correlations between peak concentrations, AUC(24) 
and clearances at 0, 12 and 18 months are shown in 
Table 3. The only significant correlations were for patients 
receiving i.m. MTX where that between the AUC(24) at 0 
and 12 months and 12 and 18 months (P = 0.02 and P = 
0.04) and the clearance for the same time periods (P = 
0.002 and P = 0.03) were significant. 

The maximum percentage change in peak concentra- 
tion, AUC(24) and clearance at 12 and 18 months from the 
initial value are shown in Fig. 4. Some children had values 
greater than 100%. There was no significant difference in 
the maximum percentage change in peak concentrations 
between oral and i.m. patients. 

Discussion 

Although MTX has been used in the treatment of child- 
hood ALL for more than 30 years the optimal dose, fre- 
quency, route and time of day [20] of administration have 
yet to be determined. Doses have varied from 15 mg to 
6 g /m 2, with "conventional low-dose MTX" (15-20 mg/  
m 2) being administered weekly or on 5 consecutive days 
with a gap of 2 weeks. In early studies MTX was adminis- 
tered daily, but this resulted in significant toxicity. Oral, 
i.m. and i.v. routes have been employed for administration 
of the drug. 

This study has confirmed, in a large group of patients, 
that there is significant interindividual variability in oral 
MTX absorption and serum levels are unpredictable. 
There was no correlation between the administered dose of 
MTX and either the peak MTX concentration or AUC(24). 
Concurrent administration of food [17] can alter MTX ab- 
sorption. However, even when oral MTX is administered 
in a fasting state under standardised conditions there is 
variability. Intestinal transit time [14] has been shown to 
affect absorption, but the role of intestinal function is less 
well defined [18]. 

Gastrointestinal damage is known to be caused by cy- 
totoxic drugs in experimental animals [25], and in man 
both morphological [26] and functional [4, 15] changes 
have been demonstrated. One study suggested a progres- 
sive decline in intestinal function throughout treatment for 
ALL [4], and therefore it has been hypothesised that this 
may impair MTX absorption. However, there was no sig- 
nificant decline in MTX absorption during therapy in pa- 
tients receiving the drug by the oral route; therefore, this 
does not support changing the route of MTX administra- 
tion towards the end of continuing therapy. 

Intramuscular MTX produced higher concentrations 
and AUC(24) than oral MTX, with an earlier peak concen- 
tration [19]. It has been suggested that administration of 
MTX by the i.m. route would produce less variability and 
more constant serum concentrations. Variability following 
i.m. administration was not less than with oral administra- 
tion. 

Previous studies of MTX absorption have concentrated 
on variations between individuals [1, 5, 9, 12, 16]. From 
this study it can be seen that there is substantial variation 
in MTX absorption within the same patient. Intraindividu- 
al variability has been shown with other drugs [21, 27], and 

very similar coefficients of variation have been found with 
the cytotoxic agent, VP16 [11]. This intraindividual vari- 
ability is not reduced when MTX is given by the i.m. 
route. Also, no subgroup of patients was identified where 
i.m. MTX was associated with less variability. 

The initial values for peak concentration, AUC and 
clearance could not be used to predict subsequent values, 
as there was no correlation between measurements at these 
times. This is of importance in that some studies have sug- 
gested that pharmacokinetic measurements of MTX ab- 
sorption performed at the beginning of continuing therapy 
may be of prognostic significance [5] and have suggested 
manoeuvres to alter absorption [14]. Any prognostic classi- 
fication based upon one value at the beginning of continu- 
ing therapy is ill-founded, and modifications of therapy 
would also be unwarranted. 

Intraindividual variability after i.m. administration 
must be related to differences in clearance. MTX is elimi- 
nated both by renal and non-renal routes, and which com- 
ponent is responsible for the variation is at present not un- 
derstood. 

Interindividual variability in MTX clearance has also 
been shown by Evans et al. with intravenous high-dose 
MTX [7, 8]. Some investigators have demonstrated an age 
effect in MTX clearance [2] but in the limited age range of 
this study (1-14 years) no such effect was apparent. 

MTX was measured by EMIT assay, which cross- 
reacts with two of the major metabolites of the drug. These 
may be produced in greater quantities after prolonged 
treatment. However, this is unlikely to have affected the 
findings of this study, in particular the peak levels and ear- 
lier time points. 

There have been recent doubts about the compliance of 
children, and in particular adolescents, with prescribed 
cancer chemotherapy [22]. Administration by the i.m. 
route ensures patient compliance, though physician com- 
pliance with the leukaemia treatment protocol cannot be 
guaranteed. Intramuscular MTX produces no greater 
predictability in serum concentrations either between pa- 
tients or in the same patient. The only advantage in admin- 
istration of MTX via the i.m. route is that higher concen- 
trations are obtained. There is some evidence that adminis- 
tration of larger doses of MTX via the oral route would re- 
sult in incomplete absorption as there would be saturation 
of the MTX transport system [23]. However, reports have 
described higher levels when the dose of oral MTX is di- 
vided and administered over a longer time period [24]. 
Higher peak MTX concentrations may be associated with 
greater neurotoxicity. Seizures and abnormal brain CAT 
scans have been seen more frequently in those patients un- 
der the age of 2 years receiving i.m. MTX and exclusively 
in those receiving it by this route in those over the age of 
2 years [3]. 

Thus, it appears that if variability in MTX absorption 
is of prognostic significance, then changing to the i.m. 
route may not substantially improve the prognosis in these 
children whilst causing increased patient discomfort and 
potentially increased CNS toxicity. 

Acknowledgements. Jeanette Stevens for data collection; Leu- 
kaemia Research Fund; North of England Children's Cancer Re- 
search Fund; GIMMS Graphics; GHOST Graphical Output Sys- 
tem; BMDP Biomedical Computer Programs (1983); University 
of California Press for computing techniques. 



247 

References 

1. Balis FM, Savitch JL, Bleyer WA (1983) Pharmacokinetics of 
oral methotrexate in children. Cancer Res 43:2342-2345 

2. Chan H, Evans WE, Pratt CB (1977) Recovery from toxicity 
associated with high dose methotrexate prognostic factors. 
Cancer Treat Rep 61:797-804 

3. Chessells JM, Leiper AD, Tiedeman K, Hardisty RM, Ri- 
chards S (1987) Oral methotrexate is as effective as intramus-' 
cular methotrexate in maintenance therapy of acute lympho- 
blastic leukaemia. Arch Dis Child 62:172-176 

4. Craft AW, Kay HEM, Lawson DN, McElwain TJ (1977) 
Methotrexate-induced malabsorption in children with acute 
lymphoblastic leukaemia. Br Meal J 2:1511-1512 

5. Craft AW, Rankin A, Aherne W (1980) Methotrexate absorp- 
tion in children with acute lymphoblastic leukaemia. Cancer 
Treat Rep SI: 65:77-81 

6. Dickinson-Gibbons J (1985) Non parametric methods for 
quantitative analysis. Second edition. American Sciences 
Press Inc, Ohio, pp 250-254 

7. Evans WE, Crom WR, Stewart CF et al. (1984) Methotrexate 
systemic clearance influences the probability of relapse in 
children with standard risk acute lymphocytic leukaemia. 
Lancet I: 359-362 

8. Evans WE, Crom WR, Abromowitch Met al. (1986) Clinical 
pharmacodynamics of high-dose methotrexate in acute 
lymphocytic leukaemia. N Engl J Med 314:471-477 

9. Freeman-Narrod M (1962) The pharmacology of methotrex- 
ate. Porter R, Wiltshaw E (eds) Methotrexate in the treatment 
of cancer. Williams and Wilkins, Baltimore, pp 17-21 

10. Gushaw JB, Miller JG (1978) Homogenous enzyme immu- 
noassay for methotrexate in serum. Clin Chem 24:1032 

11. Harvey VJ, Slevin ML, Joel SP et al. (1985) Variable bioavail- 
ability following repeated oral doses of etoposide. Eur J Can- 
cer Clin Oncol 21:1315-1319 

12. Kearney PJ, Light PA, Preece A, Mott MG (1979) Unpredict- 
able serum levels after oral methotrexate in children with 
acute lymphoblastic leukaemia. Cancer Chemother Pharma- 
col 3:117-120 

13. Pearson ADJ, Craft AW, Pledger JV, Eastham EJ, Laker MF, 
Pearson GL (1984) Small bowel function in acute lympho- 
blastic leukaemia. Arch Dis Child 59:460-465 

14. Pearson ADJ, Craft AW, Eastham EJ et al. (1985) Small intes- 
tinal transit time affects methotrexate absorption in children 
with acute lymphoblastic leukaemia. Cancer Chemother 
Pharrnacol 14:211-215 

15. Perkkio M, Rajantie J, Savilahti E, Siimes MA (1984) Jejunal 
mucosa after leukaemia treatment in children. Acta Paed 
Scand 73:680-684 

16. Pinkerton CR, Welshman SG, Dempsey SI, Bridges JM, 
Glasgow JFT (1980) Absorption of methotrexate under stan- 
dardised conditions in children with acute lymphoblastic leu- 
kaemia. Br J Cancer 42:613-615 

17. Pinkerton CR, Welshman SG, Glasgow JFT, Bridges JM 
(1980) Can food influence the absorption of methotrexate in 
children with acute lymphoblastic leukaemia? Lancet II: 
944-946 

18. Pinkerton CR, Glasgow JFT, Bridges JM, Welshman SG 
(1981) Enterotoxic effect of methotrexate: does it influence 
the drug's absorption in children with acute lymphoblastic 
leukaemia? Br Med J 282: 1276-1277 

19. Pinkerton CR, Welshman SG, Kelly JG, Shanks RG, Bridges 
JM (1982) Pharmacokinetics of low dose methotrexate in 
children receiving maintenance therapy for acute lymphoblas- 
tic leukaemia. Cancer Chemother Pharmacol 10:36-39 

20. Rivard GE, Infante-Rivard C, Hoyoux C, Champagne J 
(1985) Maintenance chemotherapy for childhood acute lym- 
phoblastic leukaemia: better in the evening. Lancet 2: 
1264-1266 

21. Schrogie J J, Davies RO, Hwang SS et al. (1979) Intrasubject 
variability in methyldopa bioavailability. Clin Pharmacol 
Ther 32:248 

22. Smith SD, Rosen D, Trueworthy RC, Lowman JT (1979) A 
reliable method for evaluating drug compliance in children 
with cancer. Cancer 43: 169-173 

23. Smith DK, Omura GA, Ostroy F (1980) Clinical pharmacolo- 
gy of intermediate dose oral methotrexate. Cancer Chemother 
Pharmacol 4:117-120 

24. Steele WH, Stuart JFB, Lawrence JR et al. (1979) Enhance- 
ment of methotrexate absorption by subdivision of dose. Can- 
cer Chemother Pharmacol 3:235-237 

25. Taminiau JAJM, Gall DG, Hamilton JR (1980) Response of 
the rat small intestine epithelium to methotrexate. Gut 21: 
486-492 

26. Trier JS (1962) Morphologic alterations induced by metho- 
trexate in the mucosa of human proximal intestine. I. Serial 
observations by light microscopy. Gastroenterology 42: 
295-305 

27. Walson PD, Strunk RC, Taussig LM (1977) Intrapatient vari- 
ability in theophylline kinetics. J Ped 91 : 321-324 

Received December 23, 1986/Accepted July 13, 1987 


