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Longitudinal CT Study of
Parenchymal Brain Changes in
Glioma Survivors

We reviewed the serial CT studies obtained between 1974 and 1986 of 31 patients
with malignant glioma who survived for 2 to 11 years after surgical removal of their
tumors. In all cases surgery was followed by radiation therapy to the head (6000 rad)
and chemotherapy. Patients were divided into two age groups: those under age 40 (n =
13) and those over age 40 (n = 18). By 2 years all patients in the older group developed
evidence of leukoencephalopathy characterized by periventricular zones of decreased
attenuation. Only 58% of the younger group showed evidence of white matter changes
at this point. All patients from both age groups who survived for 4 years developed
leukoencephalopathy. The severity of leukoencephalopathy from 6 months after surgery
and beyond was always greater in the older group. All patients developed cerebral
atrophy as evidenced by sulcal dilatation and ventricular enlargement. Atrophy was
progressive beginning with the first postirradiation scan, and was always more severe
in the older patients.

A significant difference was found in the clinical status of the two age groups as
determined by the mental status score and the Karnofsky scale. Despite progressive
brain changes, survivors under age 40 maintained a nearly normal mental status and
Karnofsky scores until their death, whereas survivors over age 40 showed progressive
clinical decline.

Patients with malignant brain glioma are treated with surgery, postoperative
radiation, and chemotherapy [1]. Patients who survive, even in the absence of
tumor recurrence, develop chronic brain changes. These include cortical and central
atrophy as evidenced by widening of the sulci, the fissures, and the ventricular
system [2, 3]. In addition to these changes, we have found progressive leukoen-
cephalopathy as evidenced by diffuse periventricular low-attenuation lesions in the
absence of frank radiation necrosis. The purpose of this study was to evaluate
with CT the progression of the cerebral changes in glioma survivors and to relate
these findings to the patients’ clinical status. To our knowledge, there are no
longitudinal CT studies in the literature that address these issues in long-term
glioma survivors.

Materials and Methods

We reviewed the serial CT studies of 31 patients, 14 males and 17 females ages 16-68
years old, with malignant glioma who survived from 2 to 11 years after surgery. At surgery
their tumors were removed to the extent possible. Twenty-seven patients were treated with
full-brain radiation for a total dose of 6000 rad delivered in daily fractions of 200 rad. The
remaining four patients received whole-brain radiation of 3000-4800 rad and additional
coned-down doses of 1500-3020 rad to the tumor site. Neuropathology of the resected
tumors showed glioblastoma multiforme in 19 patients, gliosarcoma in two, anaplastic
astrocytoma in five, and mixed anaplastic glioma in five [4, 5].

Twenty-two patients received IV BCNU (1,3-bis[2-chloroethyl]-1-nitrosourea). Ten of these
were treated with BCNU only. The remaining 12 patients received combinations of BCNU
and methyl-prednisolone, hydroxyurea, procarbazine, and VM-26 (epipodophyliotoxin). Four
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patients were treated with methyl CCNU only, two with streptotocin
only, two with procarbazine only, and one with high-dose methyl-
prednisolone only.

Serial CT scans were obtained between 1974 and 1986 both with
and without IV iodinated contrast administration. The first postoper-
ative scan analyzed was the one obtained at the end of radiation
treatment, usually 6-7 weeks after surgery. Subsequent scans were
obtained at 3 months, 6 months, 9 months, and 1 year. The second
and third year, scans were obtained at 6-month intervals and after
that at 1- to 2-year intervals.

For the purposes of statistical analysis, all CT and clinical ratings
were considered to have been obtained at one of the following time
points: 1, 6, 12, 24, 48, 72, or 96+ months. Scans obtained at time
points that did not coincide with the above were considered for the
purpose of this analysis to have been obtained at the time point
nearest to the actual date of the scan. For example, a scan obtained
7 months after surgery would be included in the 6-month time point.
If more than one clinical or CT examination were done at one time
point, an average of the results was used for that time point.

All scans were evaluated subjectively for ventricular enlargement,
cortical atrophy, and the presence and severity of leukoencephalop-
athy. Ventricular enlargement and cortical atrophy were rated by
using a 5-point scale, where 0 = normal (i.e., no evidence of enlarge-
ment), 1 = mild, 2 = moderate, 3 = moderate to severe, and 4 =
severe enlargement. The same scale was applied to the subjective
assessment of leukoencephalopathy. For these evaluations, 0 = no
evidence of leukoencephalopathy; 1 or mild = faintly visualized low-
attenuation lesions, usually in the periventricular region and typically
frontal in location; 2 or moderate = involvement of less than one-third
of the periventricular white matter by low-attenuation lesions that
were generally diffuse and anterior as well as posterior; 3 or moder-
ate-to-severe = involvement of more than one-third but less than
two-thirds of the visualized white matter by low-attenuation lesions;
4 or severe = diffuse involvement of virtually all the visualized white
matter by low-attenuation lesions.

The rating scores for each point were averaged to generate a
group mean. The subjects were then divided into two age groups:
the younger group was composed of 13 patients whose ages ranged
from 16-40 years; the older group comprised 18 patients ages 41—
68 years.

Clinical status was determined by using two measures: the mental
status assessment and the Karnofsky score. The mental status
assessment has been used by the Brain Tumor Study Group and the
Brain Tumor Cooperative Group in Phase Il Protocols 1975-01 [6],
1977-02 [7], and 1980-01 (USPHS National Cancer Institute grant
CA 36014-03S1, unpublished data). The mental status assessment
consists of a set of 10 questions designed to evaluate orientation,
memory, arithmetic calculations, spelling, judgment, and ability to
conceptualize. A 5-point rating scale was used based on the results
of the above assessments: 0 = normal mental status, 1 = minimal
impairment, 2 = moderate impairment, 3 = severe impairment, and
4 = marked impairment. Aphasic patients did not participate in the
mental status measurement.

A Karnofsky score [8] using a scale of 10-100 was also generated
at each evaluation. This scale is detailed in Table 1.

Results

A progressive increase in the incidence of leukoencepha-
lopathy (Figs. 1 and 2) was shown for both groups over time
(Table 2, Fig. 3). The incidence of leukoencephalopathy in the
older group was greater than in the younger group, except
during the first 6 morths. At 24 months after surgery, all
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TABLE 1: Karnofsky Rating

Score Criteria Definition
100 Normal, no complaints, Able to carry on normal
no evidence of dis- activity and to work;
ease. no special care is
90 Able to carry on normal needed.
activity; minor signs
or symptoms of dis-
ease.
80 Able to carry out nor-
mal activity with ef-
fort; some signs or
symptoms of dis-
ease.
70 Able to care for self, Unable to work, but

able to live at home
and care for most
personal needs; a
varying amount of
assistance is needed.

but unable to carry
on normal activity or
to do active work.

60 Requires occasional as-
sistance but is able
to care for most per-
sonal needs.

50 Requires considerable
assistance and fre-
quent medical care.

40 Disabled; requires spe- Unable to care for self;
cial care and assist- requires equivalent of
ance. institutional or hospi-

30 Severely disabled; hos- tal care; disease may
pitalization is indi- be progressing rap-
cated, although idly.
death not imminent.

20 Very sick; hospitaliza-

tion necessary; ac-
tive supportive treat-
ment is necessary.

10 Moribund; fatal proc-
esses progressing
rapidly.

0 Dead.

patients in the older group had developed evidence of leuko-
encephalopathy; only 58% of the younger group showed
evidence of leukoencephalopathy at this time (Fig. 2). At 4
years all patients who survived, both in the younger and older
groups, had developed leukoencephalopathy. Except during
the first 6 months, the severity of leukoencephalopathy was
always greater in the older group (Table 2, Fig. 4).

Ventricular enlargement representing central cerebral atro-
phy (Figs. 1 and 2) tended to be greater in the older group
(Table 3, Fig. 5). Progressive ventricular enlargement was
shown in both groups beginning with the first postradiation
scan. Similar results were shown for cortical atrophy (Table
3, Figs. 1, 2, and 6). For statistically significant differences
see Tables 2 and 3. .

Despite the progressive atrophic changes and the progres-
sive leukoencephalopathy, the clinical status of the younger
patients as measured by both the mental status score and
the Karnofsky score remained nearly normal throughout their
period of survival (Table 4, Figs. 7 and 8). Only patients in the
younger group who survived more than 6 years began to
show a decline in clinical status; the older group on the other
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Fig. 1.—Progressive leukoencephalopathy in 55-year-old woman. Right parietooccipital glioma.

A and B, 6 months after surgical resection, 6000 rad whole-head irradiation and ongoing chemotherapy. No evidence of leukoencephalopathy; normal
mental status. Karnofsky = 90.

C and D, 1 year after surgery, mild decrease in attenuation of white matter (arrows) consistent with leukoencephalopathy. Mild cortical and central
atrophy. Mental status remains normal. Karnofsky = 90.

E and F, 4 years after surgery, leukoencephalopathy is now severe. There is also severe ventricular and cortical atrophy. Moderate memory loss.
Karnofsky = 60.

hand showed progressive clinical deterioration beginning in [9, 10]. In an earlier report form this medical center, only 14%
the immediate postoperative period. of patients with malignant astrocytomas lived at least 2 years
[11]. It appears from the current study that the longer the
patients survive, the more likely they are to develop chronic
brain changes, including brain atrophy and evidence of leu-

The prognosis of patients with malignant glioma after sur- koencephalopathy. We believe that one of the most important
gical resection, chemotherapy, and radiation therapy is poor  results of this study is the finding that patients under the age

Discussion
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Fig. 3.—Progressive incidence of white matter disease.

TABLE 2: Incidence and Severity of Leukoencephalopathy

Time After Percentage Incidence® Severity®
Surgery

(months) Young Old Young Old
1 0(0/9) 0(0/155 0 (9 0 (15
6 125(1/8)  11.1(2/18) 0.19(8) 0.06 (18)
12 50.0 (6/12) 86.7 (13/15) 0.45(12) 1.37 (15)°
24 58.3(7/12) 100 (13/13) 1.10(12) 2.13(13)
48 100 (6/6) 100 (5/5) 1.40(6) 3.78 (5)
72 100 (3/3) 100 (2/2) 1.10(3) 3.75(2)
96+ 100 (3/3) 20 (3)

Note.—The Student t test was used for statistical analysis.

“ Number of patients with leukoencephalopathy/number in group in paren-
theses.

® Severity rating at each time period expressed as group mean. Number of
patients in parentheses.

°p < .05.

“p <.01.
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Fig. 2.—Severe leukoencephalopathy (com-
parable to Fig. 1). 35-year-old woman 2 years
after surgery and irradiation (6000 rad). No evi-
dence of tumor; severe brain atrophy; minimally
abnormal mental status. Karnofsky = 90.
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Fig. 4.—Progressive severity of white matter changes.

of 40 were able to tolerate these chronic progressive brain
lesions and to maintain a normal mental status for the duration
of their survival, while patients over the age of 40 showed
progressive cognitive and clinical decline. The differences in
the two age groups may be interpreted in light of the possible
expected changes due to normal aging. The known increased
prevalence of hypertension and microvascular disease [12] in
the older population may have partially contributed to the
increased prevalence and severity of the leukoencephalop-
athy seen in our older group.

CT white matter lesions in brain tumor patients treated with
radiation and chemotherapy have been observed previously
and have been attributed to radiation necrosis [13]. We
believe that the radiolucencies demonstrated in our study
patients represent demyelination and microvascular changes
but not frank radiation necrosis. The lesions we describe were
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TABLE 3: Findings in Patients with Cerebral Atrophy
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TABLE 4: Clinical Assessments: Mental Status Score vs
Karnofsky Score

Time Aft Ventricular .
gﬁge r;ar Enlargement Cortical Atrophy
(months) Young Old Young Old
1 0.94 (9) 1.35(15) 0.22(9) 0.89 (15)°
6 1.50 (8) 2.17 (18 0.93 (8) 1.23 (18)
12 213(11) 251 (15) 1.45(11) 1.81(15)
24 245(11) 3.31(13* 1.97(11) 257 (13)°
48 3.03 (6) 3.78 (5) 2.20 (6) 2.93 (4)
72 3.50 (3) 4.00 (2) 2.23 (3) 2.50 (2)
96+ 3.50 (3) 3.00 (3)

Note.—The Student t test was used for statistical analysis. Number of
patients in parentheses. Results at each time period expressed as group mean.

*p<.01.
®p < .05.
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Fig. 5.—Longitudinal progression of central cerebral atrophy.
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Fig. 6.—Longitudinal progression of cortical atrophy.

not associated with mass effect and showed no evidence of
enhancement, which are the features typically associated with
radiation necrosis [3, 13]. In a study of patients with symp-
toms of delayed radiation necrosis who had received 6000

Time After Mental Status Score Karnofsky Score
Surgery
(months) Young Old Young Old
1 0.10 (10)  0.32(14) 95(10) 88(15)
6 0.15(10) 0.84(18)* 91(10) 84 (18)
12 0.15(13) 1.32(14)* 91(13) 74 (16)*
24 0.44 (13) 1.57(12* 88(13) 68 (13
48 0.24 (7) 2.34 (5)* 94 (7) 50 (5)°
72 0.50 (3) 2.20(1) 90 (3) 50 (1)
96+ 1.83(3) 77 (3)

Note.—The Student t test was used for statistical analysis. Number of
patients in parentheses. Results at each time period expressed as group mean.
“p<.01.

®p < .05.
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Fig. 7.—Longitudinal progression of mental status.

D e e
90 -».:O—O\O,/-/ ™
80 + S \O
70+
60 1 S
50 4 \
40 +
30

t

KARNOFSKY SCORE

207 O--—0 =YOUNG
101 e —0-0D

T 6 12 24 48 /2

TIME (months)

o
i

96+
Fig. 8.—Longitudinal progression of clinical status.

rad or more for the treatment of intracranial tumors, 14%
were found to have delayed radiation necrosis [14]. In our
subjects, in addition to the leukoencephalopathy, one of the
18 older patients and one of the 13 younger patients devel-
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oped radiation necrosis with rapidly increasing mass effect
and edema and blood-brain barrier disruption visualized with
contrast enhancement. In both cases the lesions regressed
spontaneously and were therefore considered to be due to
radiation necrosis.

Leukoencephalopathy has been described in association
with radiation therapy with or without intrathecal chemother-
apy primarily in childhood leukemias; pathologically, it is char-
acterized by demyelinating changes of the white matter and
astrocytosis [15, 16]. The lesions appear a few weeks to
several months after radiation treatment. We found the earli-
est CT evidence of leukoencephalopathy, which we believe
to be a pathologically similar phenomenon, at 5 months after
treatment in the older patient group and at 6 months after
treatment in the younger group. Progression to the centrum
semiovale was shown on subsequent scans.

In a review article, Kingsley and Kendall [17] described
similar periventricular low-attenuation changes of the white
matter in patients with astrocytoma treated with radiation,
and in patients with acute lymphoblastic leukemia treated
with radiation and intrathecal methotrexate. They attributed
these white matter changes to “mineralizing microangiopathy”
and “radiation atrophy.” The same authors also found cerebral
atrophy in one-third of children with acute lymphatic leukemia
treated with prophylactic craniospinal radiation and intrathecal
methotrexate. These earlier studies did not attempt to define
the longitudinal progression or clinical significance of chronic
brain changes after treatment with radiation.

In summary, all glioma survivors developed progressive
cerebral atrophy. Survivors over the age of 40 had greater
prevalence and severity of leukoencephalopathy than did
survivors under the age of 40. Despite the presence of
progressive brain changes, survivors under the age of 40
maintained nearly normal mental status and Karnofsky scores
until their death; but survivors over the age of 40 showed
progressive clinical decline.
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