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Snmmary. In establishing the histological diagnosis of 
primary cerebral lymphoma, stereotactic brain tumour 
biopsy is the method of choice as the mainstay of thera- 
py is radiation and chemotherapy. This study describes 
the histopathology and diagnostic immunohistochemis- 
try of 54 primary brain lymphomas in a mainly non- 
AIDS population. The stereotactic biopsies were per- 
formed using the Leksell CT stereotactic frame and a 
spiral needle which procured about 10-mm-long tissue 
cylinders. Usually, three successive biopsy cylinders were 
taken along the target trajectory. Histological examina- 
tion revealed the prevalence of high-grade non-Hodg- 
kin's lymphoma of the polymorphous centroblastic type. 
The series did hOt include any low-grade lymphomas 
or T-cell lymphomas. L-26 immunohistochemistry re- 
sulted in a positive staining of the blasts, thus confirming 
the B-cell origin of primary brain lymphomas. Small 
reactive T-lymphocytes and monohistiocytic cells were 
also found within and at the periphery of the lymphomas 
and in areas of degeneration. In the biopsies of nine 
patients, who had shown significant reduction of the 
lesions on the CT scans, after corticosteroid medication, 
regressive tissue changes were predominant and con- 
sisted of T-lymphocytes, macrophages, and occasionally 
bizarre reactive astrocytes. 
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Introduction 

Primary malignant lymphomas of the central nervous 
system are a well-defined clinicopathologic entity al- 
though the origin of the neoplastic cells and the patho- 
genesis of brain lymphoma are still obscure (Hochberg 
and Miller 1988; Rubinstein 1989). Primary cerebral 
lymphomas have represented about 1% of brain tu- 
mours (Jellinger 1983), but in recent years an apparent 
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increase in frequency has been found, an increase inde- 
pendent of the increase of patients with acquired immu- 
nodeficiencies, either drug-induced (Penn 1983) or asso- 
ciated with HIV infection (So et al. 1986; Formenti et al. 
1989; Hochberg and Miller 1988). 

Currently, the mainstay of therapy for primary brain 
lymphomas is radiation (Berry and Simpson 1981; Le- 
tendre et al. 1982; Mendenhall et al. 1983; Bogdahn 
et al. 1986; Murray et al. 1986; Richter 1988) and, addi- 
tionally, chemotherapy (Neuwelt et al. 1986; Hochberg 
and Millet 1988). Surgery, other than for diagnostic 
biopsy, is usually not beneficial. Moreover, these infiltra- 
rive neoplasms are often multifocal and deep-seated, in- 
cluding the basal ganglia, the thalamus and the periven- 
tricular areas. For these reasons, stereotactic brain tu- 
mour biopsy (Bosch 1980; Ostertag et al. 1980; Edner 
1981; Kelly et al. 1985; Apuzzo et al. 1987; Davis et al. 
1987; Lunsford 1988) seems to be the method of choice 
to establish the histological diagnosis as the basis for 
therapy and its evaluation. Clinically, the differential di- 
agnosis of primary cerebral lymphomas includes glioma, 
meningioma, metastases, and focal inflammatory lesions 
like toxoplasmosis, especially in the immunodeficient 
(Jiddane et al. 1986; Jack et al. 1988; Kazner et al. 
1988). 

We report on the histopathology and diagnostic im- 
munohistochemistry of 20 surgical and 34 out of 
311 consecutive stereotactic brain biopsies (Feiden et al. 
1989) with a diagnosis of non-Hodgkin's lymphoma 
(NHL) involving the brain. We also focused our atten- 
tion on regressive changes in the tumour tissue which 
may predominate in the histological picture and make 
the morphological diagnosis more difficult, especially on 
stereotactic biopsy specimens. 

Materials and methods 

The study was performed on 20 surgical specimens obtained by 
open craniotomy and on stereotactic biopsies of 34 patients. The 
tissue specimens were collected between 1984 and July 1989. Eight 
cases with tumour resection or open biopsy were from other institu- 
tions and referred to us. Complete autopsy was performed on 3 pa- 
tients who had died of cardiovascular and pulmonary diseases 
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10 weeks, 1 year, and 2.5 years after the diagnosis of brain lympho- 
ma had been established; these patients had received radiation 
therapy of the head, and the 2 with longer survival had additionally 
received systemic chemotherapy. 

The group consisted of 29 men and 25 women aged 20- 
85 years (median 55 years). Most patients (57%) were in the age 
group between 45 and 65. The presenting cerebral symptoms, either 
increased intracranial pressure or local tumour effects, had been 
of short duration, generally 1 3 months. CT scans of the head 
revealed homogeneous contrast-enhancing mass lesions in the ma- 
jority of the cases. In 14 patients (26% of the group) multiple 
tumours were visible. In order of decreasing frequency, the localiza- 
tion of the lesions was: the frontal region including the corpus 
callosum in about one-third of the cases; the basal ganglia, thala- 
mus and periventricular areas; the occipital and the parietotempor- 
al regions. Three surgically removed tumours were located in the 
cerebellar hemispheres. Stereotactic biopsy specimens were taken 
exclusively from supratentorial lesions. 

At the time of admission and tumour diagnosis, only 1 of 
the patients had a history of neoplasia elsewhere in the body. This 
patient was a 65-year-old woman with an extranodal NHL of the 
breast and the skin 7 years before cerebral disease. Two homosex- 
ual male patients of the stereotactic series were HIV-seropositive 
and suffered from AIDS (Feiden and Backmund 1990). In the 
other patients, no findings indicative of immunodeficiency were 
known. Eight months, 1, and 2 years, respectively, after the diagno- 
sis of primary brain lymphoma, 3 patients developed subcutaneous 
lesions of their NHL. 

Generally, the indications for stereotactic biopsy were either 
(1) deep-seated single or multiple intracerebral lesions well imaged 
on CT scans in patients mainly without a previous tumour history 
or (2) intracerebral tumour-like lesions of a type poorly defined 
on imaging studies. The biopsies were performed through a burr 
hole and using the Leksell CT stereotactic frame (Leksell and Jern- 
berg 1980; Lunsford and Leksell 1988). A special aspect of the 
technique consists of the use of a spiral needle (U.S.) which is 
a further development of the instrument quoted by Backlund 
(1971). This 12-mm-long spiral needle is guided through a CT- 
stereotactically placed cannula and turned into the tissue like a 
corkscrew. By pushing the cannula, the bevelled tip of which is 
sharpened, over the spiral, vermiform tissue cylinders 10-12 mm 
in length and 1-1.5 mm in diameter are obtained (Fig. 3). Usually, 
three to four successive biopsy cylinders were taken along the target 
trajectory, one before reaching, one to two in, and one behind 
the CT image of the lesion. 

Tissue samples and brain from autopsy were fixed in 4% neu- 
tral buffered formaldehyde solution and processed routinely for 
paraffin sections. Intraoperatively, one Giemsa-stained smear prep- 
aration was ruade from a small piece of each stereotactic specimen 
to control the target trajectory. Deparaffinized sections were 
stained conventionally by haematoxylin and eosin (H&E) and the 
Giemsa stain, and immunohistochemically with the monoclonal 
antibodies listed in Table 1. For immunolabelling with the 
MAC387, tissue sections were digested in a 0.01% solution of type 
VII protease (Sigma, Deisenhofen, FRG) for 15 min. The detection 
system (all reagents from Dako, Hamburg, FRG) generally used 
consisted of biotinylated anti-mouse immunoglobulins and peroxi- 
dase-conjugated avidin. Part of the samples was complementarily 
stained with a streptavidin-biotin-alkaline phosphatase complex, 
which was also used for some double immunolabellings. The chro- 
mogenes were made visible by the HzO2-diamonobenzidine and 
the fast red reaction, respectively. Generally, the immunolabelled 
sections were counterstained with haematoxylin. 

Resul t s  

His to log ica l ly ,  the  charac te r i s t i c  g rowth  pa t t e rns  o f  cere- 
b ra l  l y m p h o m a s ,  cons is t ing  o f  ang iocen t r ic  a r range-  
men t s  a r o u n d  b l o o d  vessels and  a diffuse, pa r t ly  dense  

Table 1. Antibody panel used to characterize primary cerebral lym- 
phomas 

Monoclonal Predominant Reference 
antibody a expression 

LC Lymphocytes, Warnke et al. (1983) 
granulocytes, monocytes 

UCHL1 T-lymphocytes Smith et al. (1986) 
Norton et al. (1986) 

L26 B-lymphocytes Ishii et al. (1984) 
Norton and isaacson (1987) 

MAC387 Monohistiocytes Flavell et al. (1987) 

GFAP Astrocytes Debus et al. (1983) 

Dako (Hamburg, FRG) 

t u m o u r - f o r m i n g  invas ion  o f  blasts  in to  the b ra in  pa ren-  
chyma,  were consp icuous  to a va ry ing  extent  (Figs.  1, 
3). F i f teen  o f  the 20 surgical  specimens  were ma in ly  com-  
posed  o f  cen t rob las t - l ike  cells wi th  p r o m i n e n t  nucleol i  
s i tua ted  at  the nuc lear  m e m b r a n e  and  var iable  number s  
o f  i m m u n o b l a s t s  wi th  cent ra l ly  p laced  large s ingular  nu- 
cleoli (Fig.  I a). A c c o r d i n g  to the  Kie l  c lassif icat ion,  
these neop la sms  were classif ied as m a l i g n a n t  cen t rob las t -  
ic l y m p h o m a ,  p o l y m o r p h o u s  type  (Table 2). Fu r the r -  
more ,  there  were 3 B- lymphob la s t i c  l y m p h o m a s  (non-  
Burk i t t ' s  type)  and  1 i m m u n o b l a s t o m a ,  each c o m p o s e d  
o f  near ly  pure  p ro l i f e ra t ions  o f  a typ ica l  cells o f  l ympho-  
blas t ic  and  i m m u n o b l a s t i c  d i f ferent ia t ion ,  respectively.  
One h igh-grade  l y m p h o m a  s i tua ted  in the cerebel lar  
hemisphere  was no t  classif iable  due  to freeze ar tefact .  

I m m u n o h i s t o c h e m i s t r y ,  using the m o n o c l o n a l  ant i -  
b o d y  L26, revealed  s t rong  cy top la smic  m e m b r a n e  posi t i -  
vi ty o f t h e  b las ts  in the  m a j o r i t y  o f t h e  surgical  specimens 
(Fig.  1 b), wi th  the except ion  o f  the  l y m p h o m a  tissue 
des t royed  by  freeze ar tefact .  Between the blasts  which 
genera l ly  showed  a high mi to t i c  act ivi ty,  va ry ing  
numbe r s  o f  small  l ymphocy te s  and  monoh i s t i ocy t i c  cells 
react ive to U C H L 1  and  M A C 3 8 7 ,  respect ively,  were 
presen t  (Fig.  l c ,  d). Extensive areas  o f  regressive 
changes  were consp icuous  wi th in  and  at  the pe r iphe ry  
o f  the l y m p h o m a s ,  c o m p o s e d  o f  small  U C H L l - p o s i t i v e  
lymphocy tes ,  pa r t ly  f o a m y  m a c r o p h a g e s  and  m o n o -  
his t iocytes ,  and  react ive  as t rocytes  wi th  large,  G F A P -  
posi t ive  cell bodies  a n d  vesicular  nuclei  (Figs.  1 d, 2). 
In  the  regions  o f  p rev ious  t u m o u r  man i fe s t a t ion  o f  the 

Fig. 1 a-d. Surgical specimens of primary cerebral lymphomas, a 
Histology: malignant centroblastic lymphoma, polymorphic. 
Giemsa, x 700. b-d Immunohistochemistry (peroxidase-labelled 
avidin-biotin method, DAB, counterstained with haematoxylin). 
b Positive staining of the cell membranes of perivascularly arranged 
tumour cells with L26; small lymphocytes hot reactive, x 700. c 
Numerous MAC387-positive monohistiocytes between angiocentri- 
cally arranged large lymphoid blasts, x 340. d Small nodule of 
L26-positive blasts with a wide rim composed of small reactive 
T-lymphocytes; some macrophages within the nodule; regressive 
tissue changes without the presence of tumour cells in the periph- 
ery. x 140 
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Table 2. Histological classification of primary cerebral lymphomas 
(Kiel classification) 

Surgical Stereotactic Total 
specimens biopsies 

Centroblastic, polymorphous 15 10 25 
(large non-cleaved FCC) 

Immunoblastic 1 6 7 
(immunoblastic sarcoma-B) 

B-lymphoblastic 3 5 8 
(small non-cleaved FCC, 
non-Burkitt's) 

Mainly large cell-B, 0 3 3 
not classified further 

Not classifiable I a 1 b 2 

Brain lymphoma, 0 9 c 9 
highly suspected 

Total 20 34 54 

(Lukes-Collins classification in parentheses) 

a Freeze artefacts, 
b Preponderant tumour necrosis 
c Regressive changes 

3 autopsy cases, similar regressive changes but no neo- 
plastic proliferations were found. 

On stereotactic biopsy, 25 of the 34 patients had a 
clear-cut histological diagnosis of  malignant N H L  of  the 
brain. Histologically, the typical brain lymphoma pat- 
terns were reflected in the small tissue cylinders of  the 
stereotactic biopsies (Figs. 3, 4). In 2 cases, only some 
vessels with scanty cuffs of  small lymphocytes and a 
few blasts mimicking an encephalitic pattern were seen. 
With some reservation because of  the relatively small 
sample size and a less than optimal tissue preservation, 
the classification of the stereotactically biopsied lympho- 
ma tissue specimens was: 10 centroblastic polymorphic,  
6 immunoblas t ic ,  and 5 B-lymphoblastic lymphomas  
(Table 2). The tumour  tissue of 3 cases, mainly com- 
posed of large polymorphous,  blast-like cells, was not 
classified further. The stereotactic biopsy specimen of 
the I AIDS-pat ient  was not classifiable because of the 
preponderance of tumour  necrosis. 

Immunohistochemistry gave results comparable to 
those f rom the larger surgical specimens. In 4 of  the 
25 cases, the L26 reaction was doubtful  because of  par- 
tial necrosis and intercellular staining arte�9 In 9 ster- 
eotactically biopsied patients, the histological diagnosis 

Fig. 2a, b. Regressive changes in brain 
lymphomas, a Small lymphocytes and 
monohistiocytic cells within a loose 
texture mainly composed of reactive 
astrocytes; blood vessel with thickened 
wall and remnants of a vascular cuff 
(right). Patient under dexamethasone 
medication at the time of biopsy. H&E, 
x 140. b UCHLl-reactive T-lymphocytes 
accumulated around small blood vessels; 
numerous reactive astrocytes with 
abundant homogeneous cytoplasm. 
Peroxidase-labelled avidin-biotin rnethod, 
DAB, counterstained with haematoxylin. 
x 340 
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Fig. 3a, b. Stereotactic biopsies of primary 
brain lymphomas, a Third specimen of 
the trajectory from the central portion of 
the CT image; intracerebral mass lesion 
located in the basal ganglia. Typical 
angiocentric pattern of cerebral 
lymphoma. Giemsa, x 54. b Second 
specimen of the trajectory from the 
border zone of the CT image of an 
intracerebral mass lesion suspected of 
metastasis. Pseudoencephalitic pattern of a 
primary cerebral lymphoma. H&E, x 55 

Fig. 4a, b. Stereotactic biopsies with the 
highly suspected diagnosis of brain 
lymphoma; patients with significant 
reduction of their intracerebral mass 
lesions in the CT image at the time of 
biopsy with prior dexamethasone 
medication, a Third biopsy cylinder of the 
target trajectory through a lesion in the 
deep occipital white matter near the 
posterior horn. Regressive changes similar 
to those seen in the surgical specimens 
(Figs. 1 d, 2); dense perivascular cuff (top) 
mainly composed of small UCHL1- 
positive lymphocytes and a few in part 
L26-reactive blasts. Giemsa, x 55. b Small 
biopsy specimen from a lesion in the basal 
ganglia near the third ventricle. Reactive 
astrocytes characterized by vesicular nuclei 
with prominent nucleoli and fibrillary 
cytoplasm (right); small cluster of dark 
stained lymphoid blasts (upper left). 
Giemsa, x 800 
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of brain lymphoma was not clear-cut but highly sus- 
pected. In these specimens, regressive changes predomin- 
ated. In 6 of the cases, serial sections revealed small 
clusters of partly L26-reactive, blast-like cells (Fig. 4b). 
All of the nine patients with this peculiar pattern had 
received dexamethasone for several days prior to biopsy, 
and at the time of stereotactic procedure, the CT image 
of the lesions was distinctly reduced in comparison to 
the first CT examination. 

Discussion 

In our material of 311 consecutive stereotactic brain 
biopsies obtained since 1984 (Feiden et al. 1989), brain 
lymphomas represent 15% of the 230 neoplasms diag- 
nosed histologically. In the series of Bosch (1980), Edner 
(1981), Kelly et al. (1985), Davis et al. (1987), and Luns- 
lord (1988), brain lymphomas constituted 2 of 60 (3%), 
4 of 117 (3%), 3 of 36 (8%), 28 of 367 (8%), and 16 
of 240 (7%) stereotactically diagnosed brain tumours, 
respectively. The large series of stereotactic brain tumour 
biopsies of the Freiburg group (Kleihues et al. 1984; An- 
agnostopoulos et al. 1987) included only a small number 
of cerebral lymphomas, ranging from 0.5% to 0.7% of 
all neoplastic lesions diagnosed. The reasons for the rela- 
tively high percentage of brain lymphomas in our mate- 
rial may be (1) the indications and selection of patients 
for stereotactic brain biopsy; (2) the increase on fre- 
quency of primary cerebral lymphomas in recent years 
(Hochberg and Miller 1988) and (3) the applied stereo- 
tactic biopsy technique and strategy, which is character- 
ized by relatively large tissue cylinders and successive 
sampling along the target trajectory, thus providing a 
representative profile of the lesion and the adjacent infil- 
trated brain. This strategy is based on the observation 
that neoplastic lesions within the brain may be far more 
extensive than they appear on enhanced CT scans, and 
that in the case of highly malignant neoplasms with ex- 
tensive regressive changes and tumour necrosis, very 
small specimens may be inadequate for morphological 
diagnosis. However, stereotactic brain lymphoma diag- 
nosis has also been made on very small specimens pro- 
cured by forceps instruments (1-2 mm 3) and the target 
point concept of sampling, including diagnostic smear 
preparations (Namiki et al. 1988) and frozen-section im- 
munohistochemical methods (Pearl et al. 1985; O'Neill 
et al. 1987). In our view, H&E- and Giemsa-stained par- 
affin sections provide the basis for an accurate diagnosis 
and classification of brain lymphomas on stereotactic 
biopsy, provided that the tissue material is representative 
for the lesion (Bise et al. 1988). 

The majority of the neoplasms of our series corre- 
spond to the polymorphous centroblastic type of NHL 
(Lennert 1978, 1981; Hui et al. 1988; Stansfeld et al. 
1988). A similar prevalence of malignant centroblastic 
lymphoma was seen by Spaun et al. (1985), Grant et al. 
(1986), Schiffer et al. (1987), and Nakamine et al. (1989). 
Furthermore, diffuse large cell malignant lymphoma of 
the "Working Formulation" (The Non-Hodgkin's Lym- 
phoma Pathologic Classification Project 1982) also con- 

stitutes the main group of primary brain lymphomas 
reported in the recent literature (Freeman et al. 1986; 
Kumanishi et al. 1986; O'Neill et al. 1987; Jack et al. 
1988; Namiki et al. 1988). Immunoblastic and lympho- 
blastic lymphomas represent the main histological types 
in other reports which include autopsy series (Jellinger 
et al. 1975; Taylor et al. 1978; Hassoun et al. 1981 ; Helle 
et al. 1984; Casadei and Gambacorta 1985; Jiddane 
et al. 1986; Merkel and Hansmann 1986; Hochberg and 
Miller 1988). In the majority of these quoted series and 
in our own, lymphoplasmacytoid immunocytoma was 
rare or absent, in contrast to the reports of Houthoff 
et al. (1978), Jellinger (1983), Allegranza et al. (1984), 
Bogdahn et al. (1986), and Merkel and Hansmann 
(1986). Our immunohistochemical results suggest that 
the small lymphocytes of some of these highly progres- 
sive brain lymphomas, classified as LP-immunocytoma, 
might be reactive T-lymphocytes, the pleomorphic plas- 
macytoid blasts constituting the neoplastic cells of a 
high-grade NHL of B-cell type. 

Immunohistochemistry with a small panel of mono- 
clonal antileucocyte antibodies that react on paraffin 
sections confirms the B-cell lineage of our cerebral lym- 
phomas. In assigning lineage in the high-grade B-cell 
lymphomas, L26 is one of the most reliable reagents 
(Cartun et al. 1987; Hall et al. 1988; Norton and Isaac- 
son 1989a, b). No primary T-cell lymphoma was de- 
tected in our series. However, marked infiltration of 
small UCHLl-positive lymphocytes, obviously corre- 
sponding to reactive T-lymphocytes, was found around 
blood vessels and in the diffuse infiltration areas as well 
as in regressively changed parts of the B-cell neoplasms. 
The occasional presence of small lymphocytes reactive 
to T-cell markers in frozen sections has been reported 
by Pearl et al. (1985), Grant et al. (1986), Kumanishi 
et al. (1986), Garson et al. (1988) and Smith et al. (1988) 
in some cases of primary cerebral lymphomas. In their 
study of 37 primary lymphomas of the brain, Schiffer 
et al. (1987) observed varying numbers of small reactive 
T-lymphocytes ranging from 5% to 30% ; they were pos- 
itively stained by UCHL1 in paraffin sections. Our own 
investigations confirmed these findings (Feiden et al. 
1988) and also the observation made by Grant et al. 
(1986) of many reactive monohistiocytic cells, partly re- 
sembling so-called microglia. The finding of an infiltra- 
tion of some lymphocytes in biopsy tissue from a lesion 
which is suspected to be a cerebral lymphoma is not 
sufficient to establish the definite diagnosis, especially 
in the very small specimens from stereotactic forceps 
biopsies using the target point strategy. Thus, the two 
cases of O'Neill et al. (1987) stereotactically diagnosed 
as malignant lymphoma, small lymphocytic, T-cell, are 
suspect. 

Some clinical case reports have documented remis- 
sion of primary brain lymphomas after the administra- 
tion of corticosteroids (Kikuchi et al. 1986; Todd et al. 
1986). Hochberg and Miller (1988) have seen partial or 
complete regression of the clinical and CT-lesions in 
37% of 48 of their patients treated with dexamethasone 
for 10 days, obviously representing glucocorticoid cyto- 
toxicity for lymphoid cells of these neoplasms (Homo- 
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De la rch  1984). F u r t h e r m o r e ,  s p o n t a n e o u s  regress ion o f  
cerebra l  l y m p h o m a s  migh t  be cons idered  to have been 
d e m o n s t r a t e d  in the surgical ly  resected l y m p h o m a s  o f  
this series. The  regressive t issue changes  descr ibed  above  
are  no t  specific bu t  c o m m o n l y  occur  in b r a i n  l y m p h o -  
mas.  F o r  cr i t ical  assessment  o f  the h i s t opa tho log i c a l  di- 
agnosis  on s tereotac t ic  specimens,  serial  sect ions and  im- 
m u n o h i s t o c h e m i c a l  s ta inings using the above  an t i se ra  
m a y  be helpful  in detec t ing  blas ts  o f  B-cell l ineage. On  
m o r p h o l o g i c a l  g rounds  a lone  b o t h  chron ic  encephal i t ic  
disease  (mul t ip le  sclerosis) and  a s t r o c y t o m a  are  signifi-  
can t  d i f ferent ia l  d iagnos t i c  cons idera t ions .  In  the 9 pa -  
t ients  wi th  the cons te l l a t ion  o f  remiss ion  o f t h e  CT lesion 
unde r  d e x a m e t h a s o n e  med ica t i on  and  p r e d o m i n a n c e  o f  
regressive t issue changes,  the ten ta t ive  d iagnos i s  o f  cere- 
b ra l  l y m p h o m a  was m a d e  on  the h is to logica l  and  i m m u -  
noh i s tochemica l  f indings in con junc t ion  wi th  a de ta i led  
knowledge  o f  the cl inical  and  neu ro rad io log i ca l  f ind- 
ings;  in all cases, r a d i o - c h e m o t h e r a p y  was given. 
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