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ABSTRACT. Neuropathologic findings of a case of disseminated necro-
tizing leukoencephalopathy following intrathecal methotrexate therapy are
described.

A five-year-old boy with acute lymphocytic leukemia was seen over
a twenty-two month course and was administered methotrexate intra-
thecally for meningeal leukemia. After the seventh intrathecal admini-
stration he developed akinetic mutism -and decorticated rigidity which
persisted until the patient’s death seventeen months later.

Neuropathologically, there were widespread necrotic lesions with
scattered lipid-laden macrophages and extensive astrocytic gliosis mainly
in the white matter of the cerebrum and.cerebellum in addition to menin-
geal and perivascular infiltration by leukemia cells. Nerve cell loss was
considerable in the thalamus, cerebellar cortex, dentate nucleus, pontine
nucleus and inferior olivary nucleus.

The disseminated necrotizing leukoencephalopathy in this case was
thought to be caused mainly by the direct toxic effect of intrathecally
administered methotrexate and not by irradiation or leukemia cell infil-
tration.
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Direct and indirect nervous system complications of leukemia include
hemorrhages due to hemorrhagic diathesis, infarctions due to hyperviscosity or
thrombosis, infiltrations of leukemia cells or meningeal leukemia, opportunistic
infections of virus, bacteria or fungi, progressive multifocal leukoencephalopathy,
compression necrosis of the spinal cord due to epidural leukemic infiltration,
toxic neuropathy due to therapeutic agents and so-called carcinomatous neu-
romyopathy of various types.!”® The incidence of meningeal leukemia has been
increasing as a result of the extended survival of leukemia patients due to
improved methods of chemotherapy. Presently, a combination of intrathecal
administration of methotrexate and irradiation of the brain is used as a standard
therapy for the treatment or prevention of meningeal leukemia.” Recently
as a consequence of this combination therapy a disseminated necrotizing
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leukoencephalopathy has been recognized &

The purpose of this paper is to describe the neuropathologic findings of a
patient with acute lymphocytic leukemia who received this combination therapy
and developed disseminated necrotizing leukoencephalopathy. The possible
pathogenetic mechanisms underlying this condition are discussed.

CASE REPORT RS

Clinical Course (A 57810)

The patient was admitted to Kawasaki Medical School Hospital for evalu-
ation of facial pallor and petechiae around the eyelids of one week’s duration
on May 12, 1978, at the age of three years. On examination, the white—cell
count of the peripheral blood was 72,400, with 68 per“ecent lymphoblasts. A
bone marrow aspiration disclosed 80 per cent lymphoblasts.

He was diagnosed as having acute lymphocytic leukemia and was given
vincristine sulfate and prednisolone. In July, methotrexate, 8.16 mg each time,
combined with hydrocortisone and prednisolone, was administered intrathecally
three times every two weeks and 2,400 rads of radiation was irradiated to the
brain over 24 days to prevent an infiltration of leukemia cells into the central
nervous system. He improved and was discharged on August 30,

On September 14 of the same year, the patient developed fever, malaise,
appetite loss and vomiting. He was readmitted four days later. An examina-
tion of the cerebrospinal fluid revealed 136/3 mononuclear cells per cubic
millimeter, 98 per cent of which were lymphoblasts, despite the fact that the
leukemia of the bone marrow and peripheral blood was in a state of complete
remission. He was diagnosed as having meningeal leukemia. Methotrexate,
10 mg each time, was administered intrathecally every four days together with
cytarabine and prednisolone from September 22. On October 4, after the fourth
intrathecal injection, he became stuporous ; he scarcely moved his extremities
spontaneously and reacted only to painful stimuli. The extremities were extended
and rigido-spastic. Bilateral Babinski signs were elicited. In a few days the
patient rapidly developed akinetic mutism and decorticated rigidity which re-
mained until his death. An electroencephalogram showed irregular high voltage
slow waves. A computed tomographic (CT) scan of the brain demonstrated
widened sulci and ventricular dilatation with periventricular lucency. Lym-
phoblasts in the cerebrospinal fluid soon disappeared, and the intrathecal
injection of methotrexate was discontinued. '

In January 1979, he had generalized seizures, for which anticonvulsants
were prescribed. In March, the patient had a relapse of acute lymphocytic
leukemia. The white—cell count of the peripheral blood was 16,100, with 24
per cent lymphoblasts. He was discharged on May 2 after remission.

On May 14 of the same year, he developed fever and vomiting. Four
days later he was readmitted because of the recurrence of both acute lymphocytic
leukemia and meningeal leukemia. The white-cell count of the peripheral blood
was 15,500, with 44 per cent lymphoblasts.. The cerebrospinal fluid contained
164/3 mononuclear cells per cubic millimeter, 86 per cent of which were
lymphoblasts. He was discharged on July 20 after complete remission.
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He was readmitted a fourth time on July 23 for aspiration pneumonla
and discharged on September 22.

He was hospitalized a fifth time from November 20, 1979, to February
6, 1980, because of the exacerbation of the leukemia. The white-cell count of
the peripheral blood was 4,900, with 3 per cent lymphoblasts.

On February 14, 1980, petechiae were noted over the whole body. He
was readmitted two days later. The white—-cell count of the peripheral blood
was 3,400, with 21 per cent lymphoblasts. On March 19, the cell count of the
cerebrospinal fluid was 5,300/3 per cubic millimeter, w1th 90 per cent lympho-
blasts. He received 9.36 mg of methotrexate intrathecally with hydrocortisone
two times. The cell count of the cerebrospinal fluid on the day before the
patient’s death was 200/3 per cubic millimeter, with 94 per cent lymphoblasts.
He died at the age of five years of pulmonary edema on March 27, twenty-—
two months after the diagnosis of acute lymphocyuc leukemia and seventeen
months after the onset of encephalopathy. He had received a total of nine
intrathecal injections of methotrexate. The clinical course of the patient is
schematically illustrated in Fig. 1.
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Fig. 1. Clinical course of the patient.

Pathologic findings (A 80-34)

A general autopsy disclosed microscopic infiltration by lymphoblasts in the
bone marrow, lymph nodes, liver and spleen; aspergillosis in the tonsils, larynx,
esophagus, stomach and small intestine; bilateral pulmonary edema and ascites
of 100 ml.

The brain weighed 1,000 g. The leptomeninges were thickened and brownly
pigmented. The cerebral gyri were slightly narrowed, and the sulci were slightly
widened. In coronal sections, the white matter of both cerebral hemispheres
was diffusely diminished in volume and scattered with brownish, irregular and
confluent necrotic lesions. Similar necrotic lesions were found also in the white
matter of the cerebellum. The lateral and third ventricles were markedly dilated.
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The gray matter of the cerebral cortex and the basal ganglia were intact.
The optic chiasm and brainstem were slightly atrophic and elastic hard in
consistency. )

Fig. 2. Photograph of the coronal section of the cerebral hénu’sphére through the
mammillary body showing widespread demyelinated lesions with prominent
gliosis. 2a ; Kliiver-Barrera, X 0.9, 2b ; Holzer, X 0.9.

Microscopically, the leptomeninges were fibrously thickened and infiltrated
by numerous leukemia cells (Fig. 3), in addition to old and fresh subarachnoid
hemorrhages of a mild degree. Leukemia cells also infiltrated the Virchow-
Robin spaces of the cerebral cortex continuously from the subarachnoid space
(Fig. 4). Architecture of the cerebral cortex was well preserved, except that the
stroma of the second layer was occasionally loose and nerve cells in these
regions were pyknotic.

In the white matter of the cerebral hemispheres, there were widespread
demyelinated lesions with scattered lipid-laden macrophages, mainly around
blood vessels, and prominent astrocytic gliosis (Fig. 2 and 5). The center of
these lesions was occasionally cystic (Fig. 6). Small amounts of pseudocalcium
were deposited in some places. These lesions were more prominent in the
deeper portions of the white matter around the lateral ventricles, while sub-
cortical white matter tended to be free of such lesions. Many of the ependymal
cells of the lateral ventricles were absent. Fibrous thickening or hyaline
degeneration of the walls or hypertrophy or proliferation of the endothelial
cells of blood vessels within these lesions were not found, and only mild
perivascular infiltration by leukemia cells was seen in some places. There was
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Fig. 3. . Photomicrograph o the frontal lobe showing prominent leukemic infiltration into

the subarachnoid space. HE, x136.
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Fig. 4. Photomicrograph of the cerebral cortex of the frontal lobe showing leukemic
infiltration into the Virchow-Robin spaces. Architecture of the cerebral cortex is
well .preserved, although the nerve cells are pyknotic. HE, x436.

Fig. 5. Photomicrograph of the cerebral white matter showing lipid-laden macrophages
around the blood vessels and prominent astrocytic gliosis. HE, x136.

Fig. 6. Photomicrograph of the cerebral white matter showing cystic lesions surrounded
by astrocytic gliosis. HE, Xx136.

Fig. 7. Photomicrograph of the cerebellar cortex showing nerve cell loss of the Purkinje
cell and granule cell layers. The Bergmann glia proliferate in the Purkinje cell layer.
HE, x136. -,

Fig. 8. Photomicrograph of the inferior olivary nucleus showing prominent nerve cell
loss and astrocytic gliosis. HE, X 136.

no relation between the severity of the demyelinated lesions and the severity
of the perlvascular infiltration by leukemia cells. Leukemia cell infiltration was
almost absent in the severely involved areas. ™=

In the basal ganglia, mild perivascular infiltration by leukemia cells was
seen, while the nerve cells were well preserved. In the thalamus, there was
quite a loss of nerve cells, especially in the anterior nucleus, with astrocytic
gliosis.

In the optic chiasm, there were diffuse demyelination and astrocytic gliosis,
in addition to moderate perivascular infiltration by leukemia cells.

In the cerebellum, the molecular layer had become loose and thin. Purkinje
cells and granule cells were moderately to severely decreased in number (Fig. 7).
The Bergmann glia proliferated in the Purkinje cell layer. The remaining nerve
cells of the cerebellar cortex were reduced in size. The white matter of the
cerebellum had widespread demyelinated lesions scattered with lipid-laden
macrophages, and prominent astrocytic gliosis with occasional cyst formation,
similar to the cerebral white matter. Nerve cells of the dentate nucleus were
reduced greatly in size and decreased in number. Astrocytic gliosis was observed
in the dentate nucleus as well.

In the brainstem, similar but milder lesions were seen in the cerebral
peduncles of the midbrain, pontine basis, and the inferior olivary nucleus,
medial lemniscus and pyramids of the medulla oblongata. Pseudocalcium was
deposited in these lesions. Nerve cells of the pontine nucleus and inferior
olivary nucleus (Fig. 8) were markedly reduced in number with prominent
astrocytic gliosis.

DISCUSSION

The case presented here was of a five-year-old boy with acute lympho-
cytic leukemia complicated by meningeal leukemia, for which he was given
methotrexate intrathecally, During this intrathecal administration of metho-
trexate the patient became stuporous and soon thereafter developed akinetic
mutism and decorticated rigidity. Neuropathologic examinations upon the
patient’s death seventeen months later revealed widespread demyelinated lesions
with scattered lipid-laden macrophages and prominent astrocyic gliosis in the
white matter of the cerebrum and cerebellum. Although mild perivascular
infiltration by leukemia cells were seen in these demyelinated lesions, a thickening
of the walls of blood vessels was not found. Nerve cell loss was detected




A Neuropathologic Study of Methotrexate Encephalopathy 163

mainly in the thalamus, cerebellar cortex, dentate nucleus, pontine nucleus and
inferior olivary nucleus. . "

These observations of the white matter are indicative of disseminated
necrotizing leukoencephalopathy® resulting from combination therapy of intra-
thecal administration of methotrexate and irradiation of the brain. Neurologic
manifestations such as akinetic mutism and decorticated rigidity seen in this
patient reflect the widespread lesions in the white matter. A causal relationship
‘between the intrathecal administration of methofrexate and the disseminated
necrotizing leukoencephalopathy is suggested by the rapid development of
neurologic manifestations after the methotrexate therapy. Irradiation was not
considered to be the cause of the disseminated necrotizing leukoencephalopathy,
because pathologic changes of the walls of blood vessels as seen in cases of
delayed radiation necrosis were not found. ~

Leukemia cell infiltration may have had something to do with producing
these lesions which occurred seventeen months before the patient’s death.
However, the widespread occurrence of demyelinated lesions can not be ex-
plained only by leukemia cell infiltration since the cerebral cortex, in which
leukemia cell infiltration was most intense, was almost intact, while the severely
involved areas of the white matter had very little leukemia cell infiltration. The
fact that neurologic manifestations developed when the meningeal leukemia had
almost completely improved is also contrary to this possibility. Only the nerve
cell loss of the cerebellar cortex may be explained by the direct compression
or secondary circulatory disturbance due to meningeal and perivascular infiltration
by leukemia cells.

In 1958, Whiteside et al.” introduced the intrathecal administration of metho-
trexate as a treatment for meningeal leukemia. After that a combination
therapy of intrathecal administration of methotrexate with irradiation of the
brain was established.” Although at first this combination therapy was thought
to be harmless, side effects began to be reported from the latter half of the
1960’s.'” Common among these side effects are transient meningeal irritation
or chemical meningitis producing nuchal rigidity, headache and vomiting.!®
Rarer but more severe complications include paraplegia due to myelopathy!?—¥
or radiculopathy,”™ and personality change, disturbance of consciousness and
convulsion due to encephalopathy.’® At times an acute hypersensitivity reaction
to methotrexate develops.!”

In 1972, Kay et al.’® reported for the first time pathologic findings of
disseminated necrotizing leukoencephalopathy in a patient treated with this
combination therapy. Several similar cases have been reported thereafter.®#—2
Some authors®?® stress that marked calcification and axonal swelling are
characteristically seen in lesions of such cases, but in our case only a small
amount of pseudocalcium was deposited and axonal swelling was not apparent.

Although it has been pointed out that there may be an interaction® %
between methotrexate and other chemical agents, steroids and irradiation given
simultaneously and, further, that leukemic infiltration may be a cause of the
encephalopathy, the most possible etiologic factor seems to be methotrexate.
In our case, also, there was an intimate relation between the period of admin-
istration of methotrexate and the onset of neurologic manifestations. Considering
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the time lag between the time of irradiation and the time of onset of the
patient’s encephalopathy, it is unlikely that the irradiation.of the brain destroyed
the cerebrospinal fluid-brain barrier and let methotrexate easily diffuse into the
cerebral parenchyma. Furthermore, the fact that the same type of lesions were
found in cases treated only by intrathecal methotrexate and not in combination
with irradiation® lends support to this conception. The direct toxic effect of
methotrexate in the central nervous system through the cerebrospinal fluid-brain
barrier or, as pointed out by Kay et al.’® and Norrell &t al.’® the secondary
disturbance of folic acid metabolism within the brain produced by methotrexate
may be the cause of the disseminated necrotizing leukoencephalopathy. Either
of these two possible causes may be reinforced by elevated cerebrospinal fluid
methotrexate concentration related to abnormal cerebrospinal dynamics due to
meningeal infiltration by leukemia cells as suggested by, Gagliano et al.’® and
Bleyer et al.”” Intravenous administration of methotrexate does not seem to
cause leukoencephalopathy through the blood brain barrier because the cerebro-
spinal fluid concentration of methotrexate is not elevated much in the case of
intravenous administration.3” '

In our case, when methotrexate was given three times every two weeks
for the prevention of meningeal leukemia, neurologic complications did not occur.
But when methotrexate was given every four days three months later for the
treatment of meningeal leukemia, neurologic complications occurred after the
use of a total amount of 64.48 mg. In the literature, the amount of methotrexate
which produced this type of encephalopathy ranged from 35 to 600 mg,'? and
the term until the occurrence of this disorder ranged from one week® to four
years.” The variation of the amount and the term is probably attributable to
the difference in the sensitivity of individuals to this medicine.

Most cases of methotrexate encephalopathy are seen in childhood as in
ours. This does not mean that the brains of children are more sensitive to
methotrexate, but merely means that meningeal leukemia is apt to occur in
childhood leukemia and consequently children are apt to receive intrathecal
administration of methotrexate.

Nerve cell loss of the thalamus, dentate nucleus, pontine nucleus and
inferior olivary nucleus in our case may have been due to the direct toxic
effect of methotrexate. Descriptions of such changes in the gray matter are
rarely found in the literature of disseminated necrotizing leukoencephalopathy.
In this respect our case is somewhat unusual. In the final analysis, it is necessary
to consider the possibility of the occurrence of disseminated necrotizing leu-

koencephalopathy when treating meningeal leukemia with methotrexate by
intrathecal administration.
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