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Summary, Eight of 36 children receiving maintenance
chemotherapy for acute lymphoblastic leukaemia or non-
Hodgkin’s lymphoma had liver biopsies on the basis of
clinical abnormalities and/or elevated serum enzyme lev-
els. Six biopsies were abnormal, including one in a boy
with spider naevi who showed micronodular cirrhosis; he
appeared to retain methotrexate in the blood for a pro-
longed period and his SGOT level did not return to normal
Jfor 19 months after maintenance chemotherapy was dis-
continued. The five other abnormal biopsies showed mi-
nor changes in the portal tracts. The six children with
abnormal liver histology showed a wide variation in their
early handling of an oral methotrexate dose.

There was a statistically significant rise in mean
SGOT and alkaline phosphatase during treatment, but
the wide scatter in values precluded their use as accurate
indicators of liver damage in these children.

Introduction

In 1955 Colsky [3] drew attention to the possible toxic ef-
fect of methotrexate (MTX) on the liver in children with
acute leukaemia. In contrast, Wetherley-Mein and Cot-
tom [19] suggested that the liver fibrosis seen in such
children was caused by infiltration of the portal tracts by
leukaemic cells rather than by MTX. The incidence and
aetiology of liver abnormalities in children receiving main-
tenance chemotherapy remain controversial, and as the
life expectancy of these children improves, so the im-
portance of liver damage increases. This report is a de-
scription of the serum enzyme and liver histology findings
in children receiving maintenance chemotherapy for acute
lymphoblastic leukaemia (ALL) or non-Hodgkin’s lym-
phoma (NHL).
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Patients and Methods

Thirty-six children, 26 with acute lymphoblastic leukaemia and 10 with
non-Hodgkin’s lymphoma, had liver function tests at about 6-monthly
intervals whilst receiving oral maintenance chemotherapy, a total of
126 samples being taken. There were 24 boys and 12 girls, the age
range being 3—15 years. Selected children also had percutaneous liver
biopsy.

Induction therapy was performed with vincristine, prednisolone,
adriamycin, and L-asparaginase. Central nervous system prophylaxis,
given in each case, consisted of 2400 rads cranial irradiation and five
injections of intrathecal (IT) MTX, 10 mg/m? not exceeding 12 mg in
any single injection. Oral maintenance chemotherapy consisted of
MTX in a dose of 25—30 mg/m> PO weekly, 6-mercaptopurine
50—70 mg/m? PO daily, and in the case of NHL patients cyclophos-
phamide 200 mg/m? PO weekly. The intended duration of oral main-
tenance chemotherapy was 24 months for ALL and 36 months for
NHL.

Where there was clinical evidence of liver dysfunction and marked
elevation of serum glutamic oxaloacetic transaminase (SGOT) and
alkaline phosphatase (AP), or where there was marked elevation of se-
rum enzymes alone (particularly where the SGOT was markedly above
401U/ litre; see Fig. 1) liver biopsy was performed after full discussion
with the parents. Biopsy sections were stained with both haematoxylin
and eosin and for reticulin, and the result contributed to a clinical
decision to stop or continue maintenance chemotherapy.

Because slow MTX absorbers may be more susceptible to liver
damage [5], six of the eight children who had liver biopsies also had a
MTX absorption test after their normal weekly dose of the drug. Blood
levels were measured at intervals up to 4 h after the dose of MTX by a
radioimmunoassay developed at the University of Surrey, Guildford.
Folinic acid was given at the end of the absorption test in those children
who had previously stopped taking MTX.

Results

Serum Enzyme Levels

Mean SGOT and AP levels rose during maintenance
treatment and fell when it was stopped. There was a

statistically significant rise in mean SGOT from 40.2 TU
before treatment to 84.4 TU in the second year of treat-
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ment; the mean then fell to 55.5 IU in the first year after
treatment (Table 1, Fig. 1). Similarly, mean AP levels rose
significantly from 150.7 IU before treatment to 226.2 IU
in the second year of treatment, but levels remained signif-
jcantly above the pretreatment levels in the first year after
treatment.

This rise in mean AP and SGOT was reflected in the
percentage of patients who showed abnormal values for
these enzymes before, during, and after maintenance
treatment (Table 1).

The upper limit of normal for SGOT was taken to be
40 IU for all ages since this enzyme level is not known to
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Table 1. Serum enzyme levels in relation to treatment
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Mean Standard Number Significance of Proportion of
deviation of samples difference of mean patients showing
from pre-treatment abnormal results
mean
Serum glutamic oxaloacetic transaminase
Pretreatment 40.2 1TU 31.93 30 — 6/17 = 35.3%
First year of treatment 50.4 TU 32.40 30 p=01
=>0.0012 21/27 = 77.7%
Second year of treatment 844 1U 74.7 31 P <001 °
First year posttreatment 55.5 1U 94.5 34 p=05 7/15 = 46.7%
Alkaline phosphatase
Pretreatment 150.7 TU 99.3 32 — 5/16 = 31.3%
First year of treatment 185.7 IU 74.2 31 p=01
=>0.001* = 59.39
Second year of treatment 2262 IU 92.3 35 P Zgg(l) 16/27 = 59.3%
First year posttreatment 278.2 1U 173.5 28 p=<0.001* 9/14 = 64.3%

a Statistically significant at 5% level according to Student’s ztest
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vary within the ages of the children in this study [17]. With
AP the normal range was considered to be within the 95%
confidence limits from the studies of Round [15] and
A. Stott [personal communication]. These limits are
shown graphically in Fig. 2. Fifty-nine percent of the
children showed elevated alkaline phosphatase levels dur-
ing maintenance treatment, including the particularly high
levels in the child with cirrhosis.

The wide scatter of results is emphasised by the large
standard deviations at all times for both SGOT and AP.
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Liver Histology

Eight children had a liver biopsy whilst receiving main-
tenance treatment (Table 2). There were abnormalities in
six, with micronodular cirrhosis in one boy who showed
numerous spider naevi on clinical examination (Fig. 3).
The other five childrens’ liver biopsies showed infiltration
of the portal tracts with small lymphocytes or eosinophils,
some increase in reticulin within the widened portal tracts,
and mild fatty change in the hepatocytes. The histological
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Table 2. Patients who had liver biopsies
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Patient Age Disease Weekly Duration Totaldose  Other drugs Highest 1-h Histology
no. dose of therapy MTX given for SGOT  serum
MTX to biopsy  per m? maintenance IU/1 MTX
1 7 ALL 25 mg 17 months 2.33 ¢ 6-mercaptopurine 107 192 Micronodular cirrhosis
60 mg daily ng/ml
2 10 ALL 20 mg 24 months 1.87 g Thioguanine 320 1200 Slight increase in fibrous
25 mg daily ng/ml  tissue in portal tracts.
Degenerative change in
some hepatocytes
3 5 ALL 25 mg 17 months 2.46 g 6-mercaptopurine 206 390 Mild fine fatty change.
40 mg daily ng/ml Evidence of increased
liver cell turnover.
A few eosinophils present
4 13 ALL 20 mg 16 months 0.77 g 6-mercaptopurine 77 40.3 Mild focal chronic
50 mg daily ng/ml  inflammatory cell
infiltrate
5 11 NHL 20 mg 24 months 1.51 g 6-mercaptopurine 85 — Normal liver
50 mg daily;
cyclophosphamide
200 mg weekly
6 4 ALL 20 mg 10 months 1.2 g 6-mercaptopurine 133 141 Widened and increased
35 mg daily ng/ml connective tissue on
portal tracts. Fine
droplet fatty change
7 4 ALL 25 mg 19 months 225 g 6-mercaptopurine 95 - Cell plates expanded in
35 mg daily peri-portal region.
Increased number of
binucleated hepatocytes.
Fine fatty change
8 4 ALL 40 mg 10 months 1.25 g 6-mercaptopurine 96 165 Mild centrilobular
50 mg daily ng/mi fatty change

changes in these five biopsies were considered mild and
probably reversible.

After maintenance chemotherapy was stopped in one
child whose liver biopsy had shown normal histology
(patient 5), the SGOT returned to normal within
2 months, but in the boy with cirrhosis, SGOT levels
remained above normal (65—78 IU/litre) for 19 months
after discontinuation of treatment (Fig. 4). AP rose to a
maximum of 775 IU/litre 2 months after his treatment was
stopped, possibly due to renewed growth, but his alkaline
phosphatase levels had been very high during treat-
ment.

Methotrexate Absorption Studies

MTX blood levels after a normal weekly oral dose showed
wide variation (Fig. 5), resembling those seen in leu-
kaemic children not known to have liver damage [4]. In
the boy with cirrhosis a low level of MTX (0.90 ng/ml) in

the blood was detectable before the oral dose was given,
indicating that he had retained MTX for 23 weeks since
the last dose of MTX was given. When he was retested
7 months later no residual MTX was detected. Another
child (patient 4) with mildly abnormal liver histology
showed 1.1 ng MTX/ml before an oral dose of the drug,
suggesting retention of MTX since his oral dose 2 weeks
previously.

Discussion

There has been only one previous description of cirrhosis
in association with treated ALL [12] (Table 3). We con-
sider it likely that the liver damage we have reported is
drug-induced by prolonged oral maintenance chemother-
apy. The significant rise in mean SGOT and AP during
treatment is consistent with this.

Study of the possible liver toxicity of MTX or other
oral maintenance drugs in ALL has been overshadowed
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Fig. 3. Liver biopsy from patient 1, showing micronodular cirrhosis. Haematoxylin and eosin
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Fig. 4, Serial alkaline phosphatase and glutamic-oxaloacetic transaminase levels in patient I with micronodular cirrhosis

by the wealth of literature on the liver toxicity of MTX
used for psoriasis. MTX does appear to produce liver
damage in a minority of psoriatics, especially when given
as a daily oral dose in cumulative total dose of more than
2—4 g over a period of more than 1 year. Cirrhosis ap-

pears in about 6% of patients, and the valuable studies of
Nyfors [14] show a statistically significant increase in
cirrhosis and liver fibrosis during a period of MTX thera-
py between liver biopsies. Such prospective studies vir-
tually negate the suggestion that the liver damage seen is
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SERUM METHOTREXATE LEVELS AFTER AN ORAL DOSE
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Table 3. Liver toxicity associated with MTX therapy for acute leukaemia of childhood
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Fig. 5. Serum MTX levels after the usual weekly
dose in six children who had liver biopsies.
Reference numbers are as given in Table 2

No. of Dose of MTX Duration of Other drugs given Toxicity seen Authors
patients MTX treatment
7 1-10 mg MTX or 9—12 months Nil 5 of 7 children developed Colsky et al. [3]
aminopterin daily portal fibrosis
21 7 had MTX or Maximum Various 13 of 21 children showed Wetherley-Mein
aminopterin. 49 days increased collagen in and Cottom [19]
14 no MTX portal tracts of liver
273 - - Corticosteroids, 31% of children showed Hutter et al. [8]
6-mercaptopurine hepatic fibrosis before
MTX therapy. 80% showed
fibrosis after therapy
32 0.025 mg/kg/day Less than Prednisolone, Acute hepatitis demonstrated Taft [18]
1 month 6-mercaptopurine by liver biopsy in 4 patients
10 10—-22 mg/m? 40 days Nil Liver enzyme elevation Hersch et al. [7]
1V for 5 days, in serum and portal
repeated up inflammatory infiltrate
to 4 times on biopsy
216 30 mg/m? Longer than Children’s 80 children showed elevated Nesbit et al. [12]
twice weekly 4 months cancer study serum liver enzymes.
PO group 903 5 developed cirrhosis.
9 had fibrosis
7 80 mg/m? Usually Cytosine 4 developed portal fibrosis Mclntosh [11]
2-weekly 14,—2¥, years arabinoside,
cyclophosphamide
1 1.25 mg daily 5¥, years Vincristine, Portal fibrosis, hepatoma Ruymann et al. [16]
(total dose prednisolone

2.5 gm)
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associated with psoriasis per se, although the possible
interaction between alcohol and MTX is not excluded and
may be important [13].

Similar MTX hepatotoxicity in leukaemic children
cannot be assumed, as they are younger, the underlying
disease is known to infiltrate the liver [19], the MTX
dosage schedules differ, and other potentially hepatotoxic
antileukaemic drugs are given concurrently.

Table 3 shows that the most commonly reported
changes during ALL maintenance treatment are fibrosis,
hepatitis, and elevation of serum enzymes, with cirrhosis
reported by only one group [12]. Our survey suggests that
this toxicity is not due to a difference in the immediate han-
dling of MTX after an oral dose but possibly to its abnor-
mal retention over a long period. This requires further
investigation.

There is clear evidence that 6-mercaptopurine [2, 6,
10] and possibly cyclophosphamide [1] can produce liver
cell necrosis or cholestasis when given alone, but they are
not known to produce cirrhosis. They are probably co-
factors in production of the liver damage in these chil-
dren.

It is important to establish a histological diagnosis of
cirrhosis in a child in remission of acute leukaemia who
shows both clinical and biochemical evidence of liver
damage, as this will lead to a change in drug treatment. By
contrast, it is not clear that children who show biochemi-
cal but no clinical evidence of liver damage should have
liver biopsies. Our study shows only mild structural
changes in such childrens’ liver biopsies, which are proba-
bly reversible. This is in accord with Lascari’s comment
[9] that “changes in liver function tests normally return to
normal within weeks or months of stopping MTX or 6-
mercaptopurine”.

Itis not possible to say whether further patients whom
we did not biopsy have cirrhosis, and a reliable nonin-
vasive test is needed to separate children who are going to
develop irreversible liver damage from those who will not
be severely affected.

Although this study has shown that the mean AP and
SGOT rise during maintenance treatment, the wide scat-
ter of readings at all times invalidates these as a test for ir-
reversible liver damage.

A test of MTX retention such as has been described
here could be of value in this respect, and could lead to a
modification of drug dose or schedule in patients at partic-
ular risk. The results of the MTX retention test could be in-
terpreted together with those of tests of liver damage, such
as serum enzyme values, bromsulpthalein retention, and
prothrombin time, to give an index of the risk of de-
veloping liver damage.

Should one stop all maintenance chemotherapy when
biopsy indicates reversible damage, or should one sub-
stitute another less hepatotoxic drug for MTX? This prob-
lem could only be answered by a prospective controlled
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trial, and at present we consider the prognosis for children
with ALL and particularly NHL does not permit treat-
ment to be stopped early unless there is evidence of clear
and worsening hepatotoxicity.

Acknowledgements: Dr. Colin Campbell helped with the methotrexate

absorption tests and the methotrexate radioimmunoassays were car-
ried out by Dr. Evelyn Piall and Dr. Wynne Aherne, Department of
Biochemistry, University of Surrey, Guildford. We are grateful to Mrs
Sharon Wilmott for co-ordinating this study and we are indebted to our
colleagues who referred these patients to us.

References

1. Bergsagel DE, Levin WC (1960) A prelusive clinical trial of
cyclophosphamide. Cancer Chemother Rep 8:120
2. Clark PA, Hsia YE, Huntsman RG (1960) Toxic complications of
treatment with 6-mercaptopurine. Br Med J 1:393
3. Colsky J, Greenspan EM, Warren TN (1955) Hepatic fibrosis in
children with acute leukaemia after treatment with folic acid
antagonists. Arch Pathol 59:198
4. Craft AW, Rankin AJ, Aherne W (1980) Cancer treatment re-
ports (in press)
5. Dubin HV, Harrell ER (1969) Absorption of methotrexate and
hepatotoxicity. JAMA 210:1104
6. Einhorn M, Davidsohn I (1964) Hepatotoxicity of mercaptopu-
rine. JAMA 188:802
7. Hersch EM, Wong VG, Henderson ES, Freireich EJ (1966) Hepa-
totoxic effects of methotrexate. Cancer 19:600
8. Hutter RVP, Shipkey FH, Tan CTC, Murphy ML, Chowdhury M
(1960) Hepatic fibrosis in children with acute leukaemia. Cancer
13:288
9. Lascari AD (1973) Leukaemia in childhood. Thomas, Illinois, NJ,
p 408
10. Mcllvanie SK, MacCarthy JD (1959) Hepatitis in association
with prolonged 6-mercaptopurine therapy. Blood 14:80
11. McIntosh S, Davidson DL, O’Brien RT, Pearson HA (1977)
Methotrexate hepatotoxicity in children with leukemia. J Pediatr
90:1019
12. Nesbit M, Krivit W, Heyn R, Sharp H (1976) Acute and chronic
effects of methotrexate on hepatic pulmonary and skeletal sys-
tems. Cancer 37:1048
13. Nyfors A (1977) Liver biopsies from psoriatics related to meth-
otrexate therapy, 3. Acta Pathol Microbiol Scand [A]
85:511
14. Nyfors A, Poulsen H (1976) Liver biopsies from psoriatics related
to methotrexate therapy (2). Acta Pathol Microbiol Scand [A]
84:262
15. Round JM (1973) Plasma calcium, magnesium, phosphorus and
alkaline phosphatase levels in normal British schoolchildren, Br
Med J 3:137
16. Ruymann FB, Mosijczuk AD, Sayers RJ (1977) Hepatoma in a
child with methotrexate-induced hepatic fibrosis. JAMA
238:2631
17. Searcy RL (1969) Diagnostic biochemistry. McGraw-Hill, New
York, p513
18. Taft LI (1965) Methotrexate induced hepatitis in childhood leu-
kaemia. Isr J Med Sci 1:823
19. Wetherley-Mein G, Cottom DG (1956) Portal fibrosis in acute
leukaemia. Br J Haematol 2:345

Received May 11, 1979/Accepted January 25, 1980



