
presents as uniformly enhancing lesions which are fre
quently periventricular and can involve the corpus cal
losum (2). These radiologic findings, however, are not
pathognomonic for PCNS-L. Similar findings can be seen
in other malignancies, as well as in other CNS diseases of
the immunocompromised patient, such as opportunistic
infections (5). Metabolic imaging with â€˜8F-2-fluoro-2-
deoxy-D-glucose (FDG) and positron emission tomogra
phy (PET) allows the evaluation oflesions on the basis of
their metabolic activity, and FDG-PET may provide more
specific information concerning diagnosis and prognosis.
Patronas et al. (6) have found that among gliomas the
degree of FDG uptake correlates with histologic grade and
prognosis. PCNS-L is a non-glial primary brain tumor that
shares the poor prognosis ofanaplastic gliomas. Therefore,
the results ofFDG-PET imaging ofgliomas were compared
to those for PCNS-L in this study.

The appearance of contrast-enhancing lesions on CT or
MRI depends largely on the permeability of the tumor
vasculature to the administered contrast agent. Steroids
can reduce the degree of contrast enhancement on CT
images ofanaplastic gliomas (7) due to a decrease in blood
brain barrier permeability (8). However, metabolic imag
ing of anaplastic gliomas using FDG-PET (9) appears to
be unaffected by steroids, and thus FDG-PET may be a
more specific method of assessing therapy. Steroids have
a cytotoxic effect on peripheral lymphomas (10) and can
cause the CT abnormalities in PCNS-L to disappear (11-
13). The effects of steroids on the CT and FDG-PET
imaging ofPCNS-L were therefore examined in this study.

Ten patients with biopsy-proven PCNS-L were studied
with FDG-PET, and the results were compared to the
corresponding CT scans from a series of biopsy-proven
gliomas. The findings of this study extend the previous
report of Kuwabara et al., who studied two patients with
this disease (14).

METHODS

Ten consecutive patients with biopsy-proven PCNS-L were
included in this study (Table 1).The mean age was 61.7 yr (range

PrimaryCNS lymphoma is a rare and highly malignant primary
braIntumor. Ten patientswith bkpsy-provenprimaryCNS
lymphoma were studied with 18F-2-fluoro-2-deoxy-D4ucose
(FDG) and positron emission tomography (PET) to demon
strate the findingsin patientswith thistumor.The accumula
tion of FDG in primary CNS lymphoma is similar to that seen
in anaplasticgliomasandis significantlymoreprominentthan
in low gradeastrocytomas(p = 0.001).Steroidtherapysub
stantially reduced the amount of FDG uptake in the one case
studiedbothbeforeandafteritsadministration.Thedifference
in FDGuptakebetweensteroid-treatedand untreatedcases
of primary CNS lymphoma, however, did not reach statistical
significance(p = 0.40).PrimaryCNSlymphoma,likegliomas,
suppresses the metabolism of both contiguous and distant
but functionally linked areas of the brain. This study thus
showsthatthemetabolicbehaviorofprimaryCNSlymphoma,
asmonitoredbyFDG-PET,resemblesthatofmalignantglial
tumors.

J Nuci Med 1992; 33:532-536

rimary central nervous system lymphoma (PCNS-L) is
an uncommon malignancy and accounts for 0.85%-2.0%
of all primary brain tumors (1,2). Immunosuppression
appears to be a major risk factor for this disease, and
PCNS-L is now the fourth leading cause of death among
patients with the Acquired Immune Deficiency Syndrome
(AIDS)(2). The increasingincidenceofPCNS-L, however,
does not appear to be entirely related to the rising incidence
of AIDS, to the increase in immunosuppression for organ
transplantation, or to improvements in diagnostic capa
bility (1). PCNS-L consists of a dense, predominantly
lymphoid inifitrate (3). In spite of its frequently dramatic
response to radiation therapy, PCNS-L remains an aggres
sive tumor, with mean survival ofless than 18 mo (4).

On contrast-enhanced CT or MRI, PCNS-L typically
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FIGURE1. Contrast-enhancedCT(A)andFDG-PET(B)scans
from a 71-yr-old male (Patient 7) with PCNS-L. The PET scan
showscloseanatomiccorrelationwiththeCT. ROlsweredrawn
to encompassasmanyofthe tumor-containingpixelsas possible.
Countsover an equallylargeAOl in the correspondingportionof
the contralateralhemispherewere used to calculateFDG uptake
ratios.

around each of the lesions and counts per pixel were compared
to those for the contralateral, homologous region. For several of
the malignant gliomas, the FDG-PET scan consisted of a ring of
enhanced FDG uptake surrounding a photopenic center. For

FIGURE 2. Contrast-enhancedCT (A,C)and FDG-PET(B,D)
scans of a 25-yr-old male (Patient 1) with PCNS-Lbefore (A,B)
and approximately3 wk after (C,D)treatment with dexametha
sone.Thearrowsindicatetheareaof abnormalFDGaccumula
tion that disappearedwith steroid therapy.

TABLE 1
PatientCharacteristics

r

25â€”82yr). All tumors were B-cell in origin, consistent with the
low incidence ofT-cell neoplasms in this disease (2). Two patients
(Patients 3 and 5) had been previously treated for PCNS-L with
radiation therapy greater than 6 mo prior to study, and they were
rebiopsied at the time of recurrence. Three had a history of

immunosuppression.Six patients were receivingsteroidsat the
time of their study and one other patient (Patient 1) was studied
both prior to and 3 wk after institution of steroid therapy. The
mean daily dose of dexamethasone for these patients was 12.6
mg (range 4â€”24mg/day) and the mean duration oftherapy prior
to obtaining the FDO-PET study was 14 days (range 4â€”27days).
Three additional patients were studied prior to institution of
steroid therapy, and one patient had three separate lesions on CT
and FDG-PET. Results ofthe FDG-PET scans in the 10 patients
with PCNS-L were compared to those from 18 consecutive pa
tients with histologically proven gliomas who had no prior history
of radiation therapy or chemotherapy. These included 13 with
anaplastic glioma (defined as anaplastic astrocytoma or glioblas
toma multiforme)and 5 with astrocytoma.The histologicdiag
nosis of glioma was determined by using a previously described
classification scheme (15).

The positron tomograph used for these studies was an ECAT
III (Cr1, Knoxville,TN) (16). The â€˜8F-FDGwaspreparedusing
â€˜8Ffrom the Duke UniversityMedicalCenter CS-30cyclotron
produced by the 18-0 (p,n)â€”18-Freaction and the automated
production from an adaptation ofthe no-carrier-added-stereospe

cific nucleophilic substitution method (17,18). Ten millicuries of
S@p-@r@ were administered intravenously. The patients re

mained supine on the scanner table in the tomograph room with
low ambient light and room noise. They were instructed not to
speakor move.Thirty minutes after injection,four sets of three
images were obtained for 10 mm each. The collimators were
positioned to give an in-plane resolution of 8.6 mm and a slice
thickness of 8 mm. Each image plane contained between 3 and

5 million counts.
A circularregionof interest(ROl)wasusedto determinethe

counts per pixel in the tumor and in the contralateral homologous
region in the opposite hemisphere (Fig. 1). An FDG uptake ratio
was obtained by dividing counts in the tumor ROl by the counts
in the opposite hemisphere ROI. The image plane demonstrating
the greatest extent of tumor was used for drawing the ROIs. In
Patient 1, the tumor was located in the midline (Fig. 2) and a
corresponding ROI in normal brain was selected in the posterior
white matter, crossing the midline. In Patient 8, three separate
lesions were identified on FDG-PET and CT. ROIs were drawn
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these lesions, the ROI was drawn to include both the active ring
and the photopeniccenter.

Statisticalanalyseswereperformedusingthe Duncan multiple
range test after a logarithmic transformation ofthe data.

RESULTS

The FDG uptake ratios of PCNS-L were compared to
ratios from a series of biopsy-diagnosed gliomas that were
organized by histologic grade (Fig. 3). In four patients with
PCNS-L, FDG-PET scans were obtained prior to the ad
dition of steroids. One of these patients had a multifocal
tumor with three lesions identified by CT and FDG-PET.
The ratios of each of these lesions were calculated sepa
rately and each value was plotted in Figure 3. The addition
of steroids produced a disappearance of abnormal FDG
accumulation on PET and contrast enhancement on CT
in the one case that could be studied before and after
steroid administration (Fig. 2). The ratios for this case
before and after steroid therapy were likewise plotted in
Figure 3. However, the difference in FDG uptake ratios
between those cases of PCNS-L treated with steroids and
those not treated did not reach Statistical significance (p =
0.40). PCNS-L either in the presence or absence of steroids
showed no statistically significant difference in FDG up
take ratio when compared to 13 cases ofanaplastic glioma.
Both high-grade gliomas (p = 0.013) and PCNS-L (p =
0.001) weremore active in accumulating FDG than were
astrocytomas@The findings with high-grade gliomas are
consistent with previously reported results (19). A separate
analysis ofthose cases ofPCNS-L associated with a history
of immunosuppression(Patients2, 7, and 10)showedno
significant difference in FDG uptake ratio (p > 0.40) when
compared to those patients with PCNS-L who were not
immunosuppressed.

Two patients were studied at the time of tumor recur
rence (Patients 3 and 5), which in both cases was over 6
mo after completing a course of radiation therapy. Figure

FIGURE3. FDG uptakeratiosfor PCNS-Lwith steroids,
PCNS-L without steroids, anaplastic glioma, and astrocytoma.
Horizontal dOtted lines are the mean values of the FDG uptake
ratios and the brackets indicateone standarddeviation.

B

FIGURE4. Contrast-enhancedCT(A)andFDG-PET(B)scans
of a 63-yr-oldmale(Patient5) with PCNS-L.The area of vaso
genie edema on CT can be seen to correspond to a region of
decreased FDG accumulation, which extends to the cortical
surfaceas well.

4 shows the FDG-PET and CT scans from one of these
patients. The recurrent tumor also shows markedly abnor
mal FDG uptake. The area ofvasogenic edema on the CT
corresponds to a region of decreased FDG uptake which
extends to the cortex. Suppression ofFDG uptake was also
seen in the contralateral cerebellar hemisphere (â€œcrossed
cerebellar diaschisisâ€•).Crossed cerebellar diaschisis was
seen in three additional patients, and in each case was
associated with a 25% reduction in FDG uptake in the
affected cerebellar hemisphere. In each case, no abnor
malities were noted in the cerebellum on CT (Fig. 5).
Suppression of FDG uptake by tumor in adjacent, edem
atous gray matter and in the contralateral cerebellar hem
isphere has been reported by DeLaPaz et al. for a series of
giiomas (20).

PCNS-L frequently shows a dramatic response to radia
tion therapy (2,4,21). CT and FDG-PET scans were oh
tamed in one patient with PCNS-L before and several
weeks after radiation therapy, after which there was near
complete disappearance of abnormalities in both imaging
modalities (Fig. 6).

DISCUSSION

This study has shown that PCNS-L demonstrates high
FDG uptake on PET and amplifies the findings of Ku
wabara et al. (14), who studied two patients. Thus, highly
aggressive non-glial tumors can show marked FDG accu
mulation. These results extend to another group of non
glial primary brain tumors, the previous observations of
DiChiro et al. (22), which were made on meningiomas.
The results presented here, when taken in conjunction
with the previous work on meningiomas (22) and malig
nant gliomas (6), imply that high FDG uptake by a CNS
tumor correlates with clinically aggressive behavior, re
gardless of the histologic type. The high degree of FDG
uptake in PCNS-L may represent an increased reliance on
glycolysis, such as that seen in a variety ofneoplasms (23).
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FIGURE5. Contrast-enhancedCT(A,C)andFDG-PET(B,D)
scans of a 78-yr-old female (Patient 9) with PCNS-L.The CT
scan throughthe cerebellum(C) showsno abnormalities,al
though the FDG-PETscan (D)shows markedlydecreasedFDG
accumulationin the cerebellarhemispherecontralateral to the
patient's tumor.

In each of the ten cases of PCNS-L, both the FDG-PET
and CT scans agreed on the location and number of
lesions. There also was qualitative agreement between CT
and FDG-PET on the morphology of these lesions. Thus,
the CT and FDG-PET scans ofPCNS-L showed uniformly
enhancing or active lesions, respectively, with close ana
tomic correlation between the two imaging modalities.
The characteristic ring-shaped lesions that have been de
scribed for CT (5) and FDG-PET (24) scans of anaplastic
gliomas were not seen in any of the cases of PCNS-L in
this study. The response of PCNS-L to radiation or steroid
therapy, as seen on contrast-enhanced CT, was reflected
by corresponding changes in the FDG-PET scans. Like
wise, tumor recurrence could be detected with both tech
niques, with good agreement on anatomic localization of
the lesions. As in the case ofgliomas (25), decreased FDG
accumulation was noted in areas of edema as well as in
distant but functionally linked areas of the brain that
appeared normal on CT, such as the contralateral cerebel
lar hemisphere.

A comparison of FDG uptake between PCNS-L with
and without steroids, anaplastic glioma, and astrocytoma
requires some means of standardization. While this study

FIGURE 6. Contrast-enhancedCT (A,C)and FDG-PET(B,D)
scans of an 82-yr-old female (Patient 10) with PCNS-L before
(A,B) and 2 wk after (C,D) a courseof craniospinalradiation
therapy. The patient was moving her arms during the post
irradiationFDG-PETscan (D), which accounts for the FDG ac
cumulationin the motor cortex.

did not utilize quantitative methods to determine the rate
of glucose metabolism in tumor, an effort was made to
normalize the data by dividing counts per pixel in the
tumor by the counts per pixel in the homologous region
in the contralateral hemisphere (Fig. 3). These results
demonstrate that steroids overall have no significant effect
on FDG uptake of PCNS-L. However, steroids are known
to have a cytotoxic effect in peripheral lymphoma (10),
can eliminate CT abnormalities in PCNS-L (11â€”13),and
in this study reduced FDG uptake in one patient (Fig. 2).
The lack of a statistically significant difference between
PCNS-L with and without steroids may be due to an
obscuring ofsuch differences by several factors (e.g, tumor
location). A lesion located in gray matter could be expected
to have a lower FDG uptake ratio than one in white matter
simply because the former would require dividing counts
per pixel in the tumor by counts per pixel in the contra
lateral gray matter. Gray matter shows consistently higher
FDG uptake than does white matter (26). A second factor
is the variability of FDG uptake within a single lesion.
This is most noticeable in several ofthe anaplastic gliomas
where, in some cases, FDG uptake ratios were calculated
from ROIs that contained both an active ring and photo
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penic center. Averaging active and relatively inactive re
gions in the calculation ofFDG uptake ratios may explain
some of the scatter seen in the data for lymphoma and
anaplastic glioma. Finally, variability in steroid respon
siveness in PCNS-L may reflect an intrinsic variability in
the sensitivity ofthe tumor to steroid administration. This
is consistent with clinical experience, which shows that
resistance to the effects of steroids can occur (13).

Thus, while PCNS-L resembles malignant gliomas in its
FDG-PET appearance, several sources of variability pre
vent its appearance on FDG-PET from being considered
pathognomonic for the disease. However, further investi
gations may ultimately show that FDG-PET can add
valuable information in narrowing the differential diag
nosis in cases where PCNS-L is a consideration.
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