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PURPOSE: To assess the risks and implications of assuming that white matter lesions in cancer 
patients that do not enhance with gadopentetate dimeglumine (Gd-DTPA) can be considered to 
be benign. METHODS: Gd-DTPA was administered prospectively to 131 consecutive patients 
with biopsy-proved extracranial malignancies referred for cranial MR imaging to exclude cerebral 
metastases over a 2112-year period. From this initial group, 50 patients were identified who had 
focal nonenhancing lesions of the white matter on T2-weighted images, but no other findings to 

suggest metastatic disease. This cohort of 50 patients was then followed for at least 1 year to 
determine the risk and clinical implications of assuming these nonenhancing white matter lesions 
were benign. RESULTS: Thirty patients (60%) were alive and clinically free of cranial metastatic 
disease at least 1 year following their initial MR study (median follow-up time, 17 months). Twenty 
of the 50 patients (40%) died within 1 year of their study (median survival , 4 .1 months). Review 
of clinic notes and hospital charts revealed no evidence for deterioration of neurologic status in 

any of these patients before death, and the cause of death in each case was ascribed to extracranial 
complications of their systemic malignancies. Eight of these 20 patients who expired had at least 
one follow-up cranial CT or MR scan before death showing no new cerebral metastases or change 
in the nonenhancing white matter lesions previously identified. In a single patient, however, follow
up MR scan revealed conversion of one of her several white matter lesions from nonenhancing to 

enhancing without appreciable change in its size on T2-weighted images. Unfortunately, this 
patient died 4 months later from surgical complications without interval change in her neurologic 
status nor pathologic proof of the nature of this lesion. CONCLUSIONS: White matter lesions in 
cancer patients that do not enhance with Gd-DTPA at the time of the initial MR study have a low 
probability of representing metastatic disease. Clinical management or final outcome will not likely 

be altered by assuming such lesions are benign. 
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Cerebral metastases occur in up to 30% of 
patients with systemic malignancy and may ac
count for as many as 40% of all brain neoplasms 
in adults (1, 2). The detection of even a single 
brain metastasis in a patient with cancer may 
dramatically alter his prognosis and therapy (3). 
Accordingly, a large body of computed tomog
raphy (CT) (4-11) and magnetic resonance (MR) 
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(12-22) literature has arisen concerning the de
tection and characterization of cerebral metas
tases. More recently, the use of contrast agents 
such as gadopentetate dimeglumine (Gd-DTPA) 
has even further extended the role of MR imaging 
in the evaluation of such lesions (23-25). 

The initial enthusiasm of early investigators for 
MR imaging in diagnosing metastatic disease has 
been tempered somewhat by the observation that 
the brains of many normal patients contain punc-
tate foci of high signal on T2-weighted images 
that may resemble metastases. It is a generally 
accepted practice within the radiologic commu
nity to assume that lesions of the subcortical, 
deep, and periventricular white matter are not 
cerebral metastases if they do not enhance with 
contrast ( 15-17). Although this "conventional 
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wisdom" may indeed be correct, such an imaging 
strategy is based totally upon anecdotal experi
ence since this particular issue, to our knowledge, 
has not been the subject of either a prospective 
or retrospective scientific study. Furthermore, 
several cases have now been illustrated in the 
literature where cerebral metastases have been 
documented on T2-weighted images but either 
did not enhance or enhanced so weakly on Tl
weighted images that they were undetectable ( 17, 
22). 

We therefore designed a study to look pro
spectively at that subgroup of cancer patients in 
whom nonenhancing white matter lesions were 
the only finding encountered on their initial MR 
examinations. By performing clinical and radio
logic follow-up, we sought to determine the risk 
and implications of assuming such white matter 
lesions were benign. 

Subjects and Methods 

The subjects were chosen from a group of 131 consec
utive adults with biopsy-proved extracranial malignancies 
referred for cranial MR imaging over a 2V2-year period. 
Before imaging, the patients or their families completed a 
detailed medical questionnaire. MR technologists assisted 
the patients in filling out these forms, which included 
specific questions about presenting complaint, history of 
the present illness, past medical history, and prior surgical 
procedures. Specific questions relating to type of cancer, 
time since cancer diagnosis, knowledge of other known 
metastases, and current medications (including chemo
therapeutic agents and steroids) were also included on the 
form. A radiology resident compiled these data from each 
patient's chart or by interview with the referring physician 
if the information was not directly attainable from the 
patient or family . 

MR imaging was performed exclusively at high field 
strength (1.5 T). Precontrast T1-weighted, T2-weighted, 
and spin-density images were routinely obtained with use 
of spin-echo protocols. T1-weighted images in axial and 
sagittal planes were obtained with the following parameters: 
600/ 20/ 2 (TR/ TE/ excitations); section thickness, 5 mm; 
intersection gap, 1.5 mm; field of view, 24 em; matrix, 256 
X 256. Spin-density and T2-weighted images were also 
obtained before the administration of contrast material , 
with use of a double-echo variable bandwidth protocol and 
gradient-moment nulling: 2500/ 20, 80/1; matrix, 192 X 
256; and other parameters similar to those of the T1-
weighted images. 

After precontrast images were obtained, Gd-DTPA 
(Magnevist; Berlex Imaging, Cedar Knolls, NJ) was admin
istered to each patient by intravenous infusion at a dose of 
0 .1 mmol/kg. Following a delay of approximately 5-10 
minutes, axial and coronal postcontrast T1-weighted im
ages were obtained in every case using the same parame-

AJNR : 13, September/October 1992 

ters described for the precontrast portion of the study. In 
cases of suspected brain stem or posterior fossa pathology, 
sagittal 5-mm thick Tl-weighted images (600/30/2) with 
gradient-moment nulling were also obtained. This protocol 
resulted in the last postcontrast imaging sequence being 
performed at delays ranging between approximately 20-
30 minutes following injection of Gd-DTPA. 

Immediately following completion of imaging, the MR 
examination was interpreted by one of four experienced 
neuroradiologists, all Senior Members of the American 
Society of Neuroradiology. MR diagnoses were classified 
into four groups: normal scans (n = 1 0); scans with une
quivocally benign lesions (such as old strokes, arachnoid 
cysts, etc) that harbored no suspicion for metastatic disease 
(n = 29); scans with at least one enhancing lesion compat
ible with a metastasis (n = 42); and scans with one or more 
discrete white matter lesions, none of which enhanced 
(n = 50). Patient acquisition for the study was terminated 
once 50 patients were identified who filled this final cate
gory. The range of patient ages, distribution between the 
sexes, and sites of primary malignancy were similar among 
the four clinical groups. 

The final patient cohort thus comprised a diverse group 
of 50 adults ranging in age from 23 to 85 years (median, 
66.5 years). There were 23 men and 27 women. The main 
sites of extracranial cancer origin were primarily the lung 
(32%) and breast (28%), although a wide variety of other 
neoplasms were also encountered (Table 1). The median 
time interval from cancer diagnosis to the MR study was 
12 months. 

At least 1 year after their initial MR studies, clinical 
follow-up was obtained in all patients. As needed, this 
follow-up included: clinic chart review, review of subse
quent cranial CT or MR scans, review of death certificates, 
and/or telephone interviews with the patient or his family. 
Radiologic follow-up by high-dose contrast-enhanced CT 
or MR was performed in 14 and eight patients, respectively. 
Actuarial estimates based on "worst-case" scenarios were 
then made to establish the risk of assuming nonenhancing 
white matter lesions encountered on initial cranial MR 
studies in cancer patients are benign. 

Results 

The main clinical symptoms listed by the pa
tients at the time of their initial MR referral in-

TABLE 1: Extracranial primary neoplasm by site 

Site of Primary 

Neoplasm 

Lung 

Breast 

Gastrointestinal tract 

Urinary tract 

Reproductive system 

Lymphoma 

Head and neck 

Unknown primary 

No. of Patients 

16 
14 

5 
4 
4 
4 
2 



AJNR: 13, September/ October 1992 WHITE MATTER LESIONS IN CANCER PATIENTS 1311 

eluded: weakness (12 patients), syncope/dizzi
ness (11 patients), headaches (10 patients), sei
zures (five patients), neurologic deficits (three 
patients), and mental status changes (three pa
tients). Six patients were neurologically asymp
tomatic and the reason for the referral apparently 
based upon the highly aggressive nature of their 
primary malignancies with propensity for cerebral 
metastases. At the time of the MR study, 13 
patients (26%) had documented extracranial met
astatic disease (not including local recurrence or 
local extension of their primary neoplasms). 
Three patients were on steroids at the time of 
imaging, and three had received prior prophylac
tic cranial irradiation. Seventeen (34%) were on 
various forms of chemotherapy at the time of the 
MR study. Twenty-eight patients (56%) related a 
history of cardiovascular risk factors (eg, hyper
tension, diabetes, heart disease) which may be 
associated with a higher incidence of white matter 
lesions on a microangiopathic basis. 

Thirty of the 50 patients (60%) from the orig
inal cohort were alive and without significant 
neurologic symptoms at least 1 year following 
their initial MR exam. Two of these patients 
subsequently died of cardiovascular causes at 13 
and 15 months into the study, respectively. The 
other 28 remain alive and clinically free of cere
bral metastatic disease, at intervals ranging from 
12-30 months (median, 17 months). Thirteen of 
these patients also had follow-up CT or MR scans 
during this period, showing no new abnormalities 
or change in their previously noted white matter 
lesions. 

Twenty of the 50 patients (40%) died within 1 
year of their initial MR study (median survival, 
4.1 months). Review of the clinic notes and hos
pital charts revealed no evidence for deterioration 
of neurologic status between the time of initial 
MR scan and death in any of these patients. 
Furthermore, the cause of death in each case as 
documented on the hospital chart and death 
certificate by the treating physician was nonneu
rologic (respiratory failure, sepsis, pulmonary em
bolism, etc). Nine of the 20 patients who expired 
had at least one follow-up CT or MR scan at 
intervals between 1 and 10 months after their 
initial MR study. In eight of these cases, there 
was no evidence for new cerebral metastases or 
change in the white matter lesions previously 
identified (Fig. 1). 

In a single patient, however, a follow-up MR 
scan revealed conversion of one of her several 
white matter lesions from nonenhancing to en-

hancing without appreciable change in its size on 
T2-weighted images (Fig. 2). This lesion could 
not be seen on a high-dose delayed contrast
enhanced CT performed at the same time as the 
second MR study. Unfortunately, this patient died 
2112 months later of complications related to tho
racic surgery, and no autopsy was performed. 
Thus, we do not know whether this lesion repre
sented a tiny metastasis, a focal subacute white 
matter infarction, or some other benign inflam
matory or vascular process. 

Discussion 

The prevalence of cerebral metastatic disease 
in patients with documented extracranial malig
nancy varies from 3%-35%, depending on the 
series chosen (1, 26-30). This wide divergence of 
quoted figures likely relates to various institu
tional, diagnostic, and geographic biases that ex
ist among the published reports. Russell and Ru
binstein (1) have stated that a reasonable general 
estimate is that about 5 % of all patients with 
cancer will have cerebral metastases. 

In patients with advanced disease who die from 
their cancers, however, the prevalence of cerebral 
metastasis is probably much higher than 5 %. 
Perhaps a figure of 25 %, close to that calculated 
by Posner and Chernik (28) from their large 
autopsy series of 2375 patients dying from sys
temic malignancy from 1970 to 1976, would be 
a more accurate estimation in this population. 
Even higher prevalences (up to 35%) are obtained 
from surgical studies and in autopsy series origi
nating from terminal care hospitals (1 , 26). The 
detection rate (32%) of presumed cerebral me
tastases in our series is consistent with our demo
graphics as a teaching hospital, regional oncology 
center, and tertiary referral site. 

Of significance to the present study is the well 
documented phenomenon of "silent" cerebral me
tastases. Absence of focal neurologic findings has 
been reported in 5 %-12% of patients with lung 
carcinoma metastases to the brain identified on 
CT (4, 7). A similar percentage of silent cerebral 
metastases has also been reported in clinical 
autopsy studies of patients dying from breast 
cancer (29). Thus, it is conceivable that some of 
our patients with nonenhancing white matter le
sions who were asymptomatic or minimally 
symptomatic did indeed have metastases at pres
entation. Furthermore, we readily concede the 
possibility that some of our patients may have 
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B c 
Fig. 1. Eight of 20 patients who expired during the first follow-up year had follow

up MR or contrast-enhanced CT scans without change in their lesions. 
A , T2-weighted (2500/80) image at entry into the study revealed multiple deep 

white matter lesions (arrows). 
B, No enhancem ent was seen on this 600/20 image. 
C, T2-weighted image (2500/80) performed 7 months later, and shortly before 

death showed no change in these white matter lesions (arrows) . 
D, Contrast-enhanced Tl-weighted (600/ 20) image was also unremarkable. 

subsequently developed cerebral metastases that 
remained clinically silent at follow-up. 

Understanding these potential sources of error, 
we arbitrarily selected a period of 1 year to 
represent a reasonable target goal for clinical 
follow-up . We felt that patients whose neurologic 
status had not changed for the worse during this 
long interval most likely had not had cerebral 
metastases at the time of their initial MR study. 
As the length of follow-up was extended (to 17 
months, median) , we fel t the probability that 
these original lesions represented metastases ap
proached zero. We again fully concede that in the 
rare case, however, a stable or extremely slowly 
growing metastasis could remain clinically silent 
even over this long period of time. 

D 

Both for the benefit of our subjects and this 
study, we would certainly have preferred to have 
encountered fewer deaths in our patient cohort 
during the first follow-up year. The early loss of 
these patients without autopsy verification of 
their brain lesions does impact adversely upon 
the certainty and ultimate strength of our conclu
sions. Unfortunately , factors such as early patient 
death cannot be controlled for in an unbiased 
manner, or the prospective nature of the entire 
study would be lost. For example, our survival 
statistics could have been dramatically improved 
if we had chosen to enroll only patients with 
minimal or early cancer into our study. However, 
the preselection of these patients would have 
introduced a significant pretest bias into our re-
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E 
Fig. 2. Conversion from nonenhancement to enhancement occurred in a single lesion in a single patient, this 61-year-old woman 

with locally recurrent breast cancer. 
A, T2-weighted (2500/80) image at time of entry into the study showed multiple tiny nonspecific high-signal lesions in the deep 

white matter. 
B, None of these lesions enhanced on the initial postcontrast T1-weighted (600/ 20) study . 
C, Follow-up examination 2 1/z months later revealed no change on the T2-weighted images. 
D, A single lesion (arrow) was now seen to enhance weakly. 
E, High-dose delayed contrast-enhanced CT performed within 1 day of the second MR did not show this enhancing lesion, whose 

true nature was never established pathologically. 

suits; the a priori prevalence of brain metastases 
in patients with stage I or T 1N0M0 cancers is 
naturally very low. 

If anything, our study population was slanted 
somewhat in the opposite direction, toward sick 
and predominantly hospitalized patients with ad
vanced cancers. Thirteen of our 50 patients 
(26%) had extracranial metastases at the time of 
entry into the study, and five more developed 
extracranial metastases during the follow-up 

period. The pretest probability of cerebral metas
tases in our patient population was thus relatively 
high. The fact that many of our patients had 
advanced cancer at the time of entry into our 
study explains the high first year mortality we 
encountered. 

Although 20 of our 50 patients (40%) died 
between 1 and 11 months into the study (median, 
4.1 months), we take consolation in the fact that 
there was no clinical evidence for deterioration of 
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neurologic status in any of these patients before 
their deaths. Furthermore, eight of the 20 de
ceased patients had negative follow-up CT or MR 
studies prior to their demise. Again, we fully 
concede that some small fraction of these pa
tients could have had clinically silent metastases. 
However, since these lesions all remained clini
cally silent even up to the time of death, and the 
cause of death in each case was ascribed to 
nonneurologic factors, it is doubtful whether an 
incorrect MR diagnosis of benign white matter 
disease would have altered these patients' clinical 
management or outcome. 

Although an accurate statistical analysis of our 
data is impossible owing to the uncertainties in 
final diagnosis, we, nevertheless, can construct 
several "worst-case" scenarios to estimate the 
potential diagnostic error rates in having assumed 
these nonenhancing lesions were benign. We be
gin by making the reasonable assumption that all 
30 patients who were alive and well at 1 year or 
longer had not had cerebral metastasis at the 
time of entry into the study. Furthermore, we will 
assume that the single patient whose lesion con
verted from nonenhancing to enhancing did in
deed have a metastasis, and that some fraction 
of the remaining 19 patients who died during the 
first follow-up year also had metastases. 

In the first scenario, let us assume that this 
unknown fraction of the 19 patients who may 
have died with clinically occult cerebral metas
tases is equal to the percentage of presumed 
metastases showing contrast enhancement in our 
entire population (32% ). As previously noted, this 
figure is a reasonable upper limit since it is close 
to the percentages of central nervous system 
metastases detected in autopsy series of similar 
patients (1, 26, 28). Based on these assumptions, 
the expected total number of patients having 
cerebral metastases that were nonenhancing on 
the initial MR study would have been no greater 
than 1 + (0.32)( 19) = 7 .I. This particular scenario 
thus predicts that the expected maximum error 
in having diagnosed a nonenhancing white matter 
lesion to be benign would be 7.1/50, or approxi
mately 14%. 

Under a second scenario, let us assume the 
fraction of the 19 patients who may have died 
with clinically occult metastases is equal to the 
highest literature rate ( 12%) quoted for silent 
metastases (7). In this situation, the expected 
maximum number of patients with metastases 
that were nonenhancing and asymptomatic 
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would be 1 + (0.12)(19) = 3.3. The expected 
maximum error in diagnosing a nonenhancing 
metastasis to be benign under this scenario would 
be 3.3/50, or only 6.6 %. 

In the recent imaging literature, several studies 
have specifically analyzed the role of contrast
enhanced MR for the detection of cerebral me
tastases (14-22). There is general agreement 
from these independent investigations that con
trast enhancement with Gd-DTPA increases both 
the detection rate and diagnostic accuracy for 
metastases compared to conventional noncon
trast T2-weighted imaging. However, the optimal 
dose of paramagnetic contrast necessary to ac
complish this task remains open to debate, since 
recent clinical trials with the agent Gd-HP-D03A 
have produced cases where more cerebral metas
tases have detected with high dose (0.3 mmol/ 
kg) than conventional dose (0. 1 mmol/kg) con
trast (31). 

It is our perception of the practice of neurora
qiology in the United States that when a white 
matter lesion is encountered in a cancer patient, 
that lesion is generally not considered to represent 
a metastasis if it does not enhance with gadolin
ium. Although such "conventional wisdom" may 
indeed be correct, this strategy is supported only 
by anecdotal experience. In fact , careful analysis 
of the existing literature will provide several vivid 
counterexamples to this hypothesis. Both Sze et 
al (11) and Davis et al (22) have illustrated cases 
where the T2-weighted images demonstrated me
tastases that were not apparent on the postcon
trast T 1-weighted sequence. 

The goal of the present study was to estimate 
the risk and assess the implications of assuming 
nonenhancing white matter lesions in cancer pa
tients are benign. Based on this analysis, we 
conclude that such lesions have a low (but not 
necessarily zero) probability of representing met
astatic disease. Much larger clinical-pathologic 
studies in the future will be needed to determine 
the exact actuarial risk such lesions possess. Until 
such definitive data is available, however, we do 
provide support to the general practice that clin
ical management or final outcome will not likely 
be altered by assuming that most nonenhancing 
white-matter lesions in cancer patients are be
nign. Follow-up imaging studies may be safely 
limited to that small group of patients whose 
neurologic status deteriorates, who develop new 
symptoms, or who are thought to be at very high 
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risk for cerebral metastases based upon the ag
gressive nature of their primary neoplasms. 
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