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Toxicity of doxorubicin and
methotrexate in osteogenic
sarcoma

Recent reports have held out hope that chemotherapy with
doxorubicin and methotrexate can prevent the development of
metastases when given immediately after primary treatment of
osteogenic sarcoma.1 2 Nevertheless, it is uncertain how these drugs
should be used together to obtain maximum therapeutic advantage
and differing schedules are being used in current clinical trials. Our
patient illustrates the importance of drug sequence in treatment and
that a small variation in this can result in an appreciable difference in
biological effect.

Case report

The patient, an 18-year-old girl, suffered from metastatic osteogenic
sarcoma. Courses of chemotherapy were given at monthly intervals (figure).

First colurse-Doxorubicin, 60 mg/M2, preceded a 24-hour infusion of
methotrexate, 200 mg/M2, l0o0 of the dose being given over the first ten
minutes. Six doses of folinic acid, 20 mg/M2 intramuscularly, at six-hourly
intervals were started six hours after the methotrexate had finished.

Second course-Vincristine 1-4 mg/M2 was given 30 minutes before the
methotrexate. Doxorubicin, 73 mg/M2, followed six hours after the methotrex-
ate at the time of the first dose of folinic acid.

Third course-Doses were reduced to doxorubicin, 43 mg/M2, followed by
methotrexate 120 mg/M2 and folinic acid 12 mg/M2.

Fourth course-Dosage was as above, but vincristine preceded the metho-
trexate and doxorubicin was given six hours after the infusion with the first
dose of folinic acid.

Fifth course-Vincristine was again given and the doxorubicin dose was
increased to 60 mg/M2, given before the methotrexate infusion of 200 mg/M2.
The patient's tumour showed a satisfactory response but there was a

considerable variation in the toxicity of the treatment courses. The first, third
and fifth courses were followed by little oropharyngitis and only mild
neutropenia two weeks later (figure). When doxorubicin followed methotrex-
ate however (courses two and four) there was definite neutropenia. Also after
the second course a severe oropharyngitis required tube feeding for nine days.
This side effect was only slightly less after the fourth course. There was no
biochemical evidence of hepatic or renal disturbance either before or after
each treatment course.
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Treatment courses and toxicity.

Discussion

Delaying the dose of doxorubicin by only 30 hours resulted in a
definite increase in toxicity in this patient, indicating an intimate
relationship between biological effect and the scheduling of methotrex-
ate and doxorubicin. We found no evidence of hepatic dysfunction to
suggest that prior administration of methotrexate impaired the
metabolism of doxorubicin. Furthermore, substantial reduction in
dosage only slightly reduced toxicity.
Membrane transport of methotrexate is known to be enhanced by

some drugs.3 Such a mechanism seems unlikely to account for
increased toxicity when doxorubicin is given after the methotrexate
and at a time of folinic acid administration. Nevertheless, a similar
effect might result if doxorubicin interfered with folinic acid transport.
A further possibility is that which prompted us to alter the treatment
schedule. Methotrexate, being most cytotoxic against cells in the DNA
synthetic phase, might be more active if it were not preceded by

doxorubicin-which could perhaps prevent cells proceeding to this
susceptible phase. In the mouse L-asparaginase has such a property
and may indeed be used to protect against the cytotoxic effect of
methotrexate.4

Although the explanation for our observations is uncertain, clearly
the scheduling of these drugs is important in the design of clinical
trials. Moreover, further study of the pharmokinetic mechanism of
this drug interaction may lead to more effective combined therapy.
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Decreased sebum excretion in
chronic renal failure

There is good evidence for the existence of a sebotrophic hormone.'
The inhibitory control of this hormone and the occurrence of sebo-
rrhoea in various states' suggested that the hormone might be an MSH
in man, as it appears to be in the rat.2 We have found an increase in
immunoreactive "P-MSH" in the plasma of patients with chronic
renal failure (CRF)2 and have now measured the sebum excretion rate
(SER) in these patients. None of the patients was receiving drugs
known to affect the SER apart from two of the men, who were being
treated with testosterone esters in an oily base (Sustanon), 250 mg
weekly, for anaemia.

Chronic renal failure
150I 350

S ~~~~~300

c ~ ~ _ * ISO

5l0 o 0

50200
0Z

50 0 100

Sebum excretion rate and plasma immunoreactive ",-MSH"
in patients with chronic renal failure. Horizontal line marks
normal mean. Two patients who were receiving androgen
are marked with open circles.

Patients, methods, and results

Sixteen patients (seven female, nine male) with CRF were studied. One
was receiving weekly peritoneal dialysis (48 hours/week), eight were on
regular haemodialysis (three x 6-8 hours/week), and seven who had serum
creatinine concentrations between 548 and 1229 ,umol/l (6-2 and 13 9 mg/
100 ml) were not being treated by dialysis. The SER was measured on the
forehead in all 16 patients by a method modified by Cunliffe and Shuster.,
Blood was taken from 13 of the patients, immediately before dialysis in those
so treated, and plasma immunoreactive "P-MSH" measured by a modification
of the method of Thody and Plummer. The results were compared with
our previously established normal range for both methods.
The mean SER in the 16 patients with CRF was decreased to 66-6+

10-60% SE of mean of the normal for comparable age and sex. This decrease
is significant (P<0 05) and occurred despite the considerable increase in

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.6000.23 on 3 January 1976. D
ow

nloaded from
 

http://www.bmj.com/

