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Summary
The purpose of this study is to determine the value of a systemic evaluation in patients with primary central nervous
system lymphoma (PCNSL) associated with human immunodeficiency virus (HIV) infection, to investigate the
diagnostic utility of detection of Epstein-Barr virus (EBV) DNA in cerebrospinal fluid (CSF), and to determine the
overall survival in patients treated with one cycle of chemotherapy followed by radiation therapy. Patients
underwent computerized tomography (CT) and bilateral bone marrow biopsy. CSF was analyzed for EBV DNA. A
single cycle of an anthracycline containing combination chemotherapy regimen was followed by radiation therapy.
Thirty-five patients were enrolled. Bone marrow biopsy did not reveal lymphoma in any case. Chest X ray
identified one patient with a coexistent thoracic lymphoma. EBV DNA was detected in CSF in 8 of 10 patients. The
median survival was 2.4 months (C.I. 1.1 to 3.2 months). Four patients survived more than a year.
CONCLUSIONS: In HIV-infected patients with intracranial mass lesions, systemic evaluation with CT scan and
bone marrow biopsy has a low yield. EBV DNA is usually detected in CSF. A single cycle of an anthracycline-
containing regimen followed by radiation was associated with a poor survival.

I. Introduction
The incidence of primary central nervous system

lymphoma (PCNSL) in individuals infected with the
human immunodeficiency virus (HIV) was 3,600-fold
greater than in the general population in the era before
highly active antiretroviral therapy (Cote et al, 1996).
Since the introduction of highly active antiretroviral
therapy (HAART), there has been a decline in the
incidence of HIV-associated PCNSL (Sparano et al, 1999;
Besson et al, 2001; Kirk et al, 2001; Hoffmann et al,
2003). The diagnostic yield of a systemic work up,
including computerized tomography (CT) of the body and
bilateral bone marrow biopsy has not been previously

evaluated. In addition, at the time that this study was
performed, brain biopsy was considered necessary for
establishing a definitive diagnosis, but was known to be
associated with considerable morbidity and occasional
mortality (Corn et al, 1995; Skolasky et al, 1999). Results
of standard therapy with radiation were poor engendering
therapeutic nihilism (Baumgartner et al, 1990). Finally, the
relationship between PCNSL and systemic lymphoma,
particularly in the setting of acquired immunodeficiency
syndrome (AIDS) was not clear. Extranodal-presentations
of systemic AIDS-related lymphoma are common. The
central nervous system is one of the most frequent
extranodal sites, raising the concern that central nervous
system involvement at presentation may be a
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manifestation of systemic disease. We sought to determine
whether a systemic work up (particularly bone marrow
biopsy) was necessary to exclude occult systemic disease.
We also sought to determine whether in light of the nearly
uniform EBV-PCNSL association (MacMahon et al, 1991)
a likely diagnosis could be established without brain
biopsy by sampling the cerebrospinal fluid for EBV DNA
by polymerase chain reaction (PCR) (Arribas et al, 1995;
Antinori et al, 1997, 1999; Cinque et al, 1993). Finally, we
sought to determine whether chemotherapy administered
before radiation might improve the outcome (DeAngelis et
al, 1992; Forsyth et al, 1994).

In 1995, the Eastern Cooperative Oncology Group
(ECOG) initiated a multi-institutional study to address
each of these issues. Other participating groups included
the Radiation Therapy Oncology Group (RTOG), the
Cancer and Acute Leukemia Group B (CALGB), and the
AIDS Clinical Trials Group (ACTG). This study forms the
basis for this report.

II. Patients and methods
A. Methods
This study plan include d a  diagnostic ste p (step 1) , a

tr ea tme nt step (ste p 2), and a c or relative  labora tor y component. To
be  e ligible for ste p 1, patie nts w ere  r equir ed to be  H IV se ropositive 
and to ha ve biopsy prove n PCN SL of  inte rme diate  or high-gra de
histology involving the par enchyma  of  the br ain w ith a n intr acr anial
spac e-occ upying lesion docume nte d on an imaging study. Othe r
re quire me nts included no pr ior c he mothe rapy (unle ss given f or
Ka posi’ s sar coma) , no prior  cr anial irra diation, to be within 3 w ee ks
of  diagnostic bra in biopsy, a ge 16 or  olde r, no prior history of 
lymphoma or clinica l e vidence  of  systemic lymphoma, no pr ior or
conc omita nt ma ligna ncy othe r tha n Ka posi’ s sar coma or cura tively
tr ea ted c arc inoma  of the  ce rvix, or squa mous c ell or basal
ca rc inoma  of  the skin. T o be eligible  f or step 2, pa tients wer e
re quire d to ha ve no evidenc e of syste mic disease as documented by
compute rized tomogr aphy (CT ) of the c he st, a bdome n, and pelvis,
and bilatera l bone mar row biopsies. O ther re quire ments include d an
ECOG  pe rf ormance status of 0- 3, adequate he ma tologic function
(a bsolute  ne utrophil c ount of  ≥ 1,000/mm3 a nd platele ts ≥
50,000/mm3) and a de qua te  re na l a nd he pa tic  f unc tion (serum
cr ea tinine ≤ 3.0 mg/dl a nd bilirur bin < 3 x the upper  limit of
normal) , and no a ctive  a cute inf ec tion. Lumbar punctur e w as
re quire d for  the evaluation of c er ebr ospinal fluid ( CSF) for
ma ligna nt ce lls a nd EBV DNA  unle ss clinica lly c ontra indic ated.
Pa tients wer e exc luded if the y w er e r ec eiving c oncur re nt tr eatme nt
with inve stiga tiona l a ge nts othe r tha n inve stiga tiona l antiretrovir al
agents, if the y had an a ctive  duodena l ulc er , unc ontrolle d dia be tes
me llitus, ac tive he art dise ase, or  we re  pr egnant or la cta ting. Patients
we re  re quire d to pr ovide  wr itten informed conse nt. T he  pr otocol
wa s approved by the  institutiona l revie w boa rd at ea ch pa rticipa ting
institution.

B. Chemotherapy
Patients without systemic lymphoma were registered on

step 2 and received intravenous cyclophosphamide 750 mg/m2,
doxorubicin 50 mg/m2, vincristine 1.4 mg/m2 (2 mg maximum)
and dexamethasone 16 mg/m2, followed by the same
dexamethasone dose orally or intravenously on a daily basis;
daily dexamethasone treatment was permitted to maintain the
patient's best neurologic function. Pa tients with positive  CSF
cytology wer e tre ated with intrathecal cytarabine, 50 mg twice

weekly until cytology was negative, then once weekly for six
weeks, and once monthly for ten months.

C. Radiotherapy
Pa tients sta rted ra diothera py 7- 10 da ys af te r c he mothe rapy.

Da ily tre atments of  2.5 Gy w ere  give n 5 days per  we ek for 12 da ys
to the entir e cra nial conte nts using opposed shaped lateral whole
brain treatment portals. Four daily 2.5 Gy fractions where then
delivered via shaped reduced fields to the identifiable lesion(s)
with a margin. The total tumor dose was 40.0 Gy in 16 fractions
given in less than 4 weeks. Treatment plans, diagnostic imaging,
and field localization were reviewed on all treated patients by the
radiation.

D. Support ive c ar e
Gr anulocyte colony stimulating f ac tor  ( G-CSF) w as give n a t

5 ug/kg subc uta ne ously be ginning on day 2 for  a  minimum of 10
da ys until gr anulocyte counts exc ee ded 5000/ul f or  tw o days.
Pr ophylaxis for pneumoc ystis carinii ( tr imethoprim
/sulf ame thoxa zole, da psone  or ae rosoliz ed pe ntamidine)  a nd funga l
infe ction (fluc ona zole, ke toconaz ole , or clotrimaz ole  oral troc he s)
we re  standar d. As this tria l was initia ted before  the ava ilability of 
highly ac tive antiretrovir al ther apy, antiretrovir al ther apy c onsisted
of  standa rd doses of dida nosine, zidovudine, or zalcitabine unless
contraindicated.

E. Cerebrospinal fluid polymerase chain
reaction to detect EBV DNA

CSF samples fr om pa tie nts e nr olled in this study and
spec ime ns that ha d bee n arc hived in the  Johns H opkins AID S
Ne ur ological T issue  Ba nk we re  studied f or EBV D NA  by
polymer ase c ha in re action ( PCR). CSF fr om study partic ipa nts w as
shipped over night on dry ic e and stor ed at –70oC until a nalysis. CSF
ar chive d in the A ID S N eurologica l Tissue Bank w er e c ollec te d
fr om pa tients tre ated at Johns H opkins with HIV  infe ction w ho ha d
ne ur ological signs or symptoms or who w ere  asymptoma tic . These
sa mples w ere  a mplif ied w ith PCR pr ime rs to two re gions of  the
ge nome in tw o separ ate  a ssa ys as desc ribed ( Ambinder et al, 1990;
Arribas et al, 1995). For the se assays, a 20µL aliquot of  CSF wa s
he ated at 95oC for 10 minutes. PCR pr oducts w er e analyze d by
agar ose  gel electrophore sis w ith Southe rn blot tr ansfe r a nd
hybr idiza tion with 32P- la beled oligonucleotide probes.
Autoradiogra phy w as ca rr ied out overnight with Kodak X -Omat
film. T o pre ve nt conta mination PCR se t up and a mplif ic ation we re 
pe rf ormed in sepa ra te rooms.

F. St at ist ic al conside rat ions
The prima ry objec tives of the  tr ia l w er e descriptive . The 

me thods of K aplan a nd Me ier  w ere  used to e stima te  surviva l
curves. W ith the intent of estimating one- ye ar surviva l w ith a 
ma ximum 90% confide nce  inte rval width of +/-  16%, the goa l was
to enroll at le ast 30 patie nts. The  sensitivity, spe cif ic ity, positive 
pr edictive value, nega tive pr edictive  value, and acc ur acy of CSF
EBV DNA  in patients not yet trea te d f or  PCNSL w er e c alculated
using sta nda rd de finitions (Dunn, 1995).

III. Results
A. Patient Characteristics
This study accrued 35 patients between April 1994

and April 1997 to step 1, including patients accrued from
ECOG (N=24), CALGB (N=6), RTOG (N=3), and ACTG
(N=2). The characteristics of the study population are
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summarized in Table 1. The median age was 36 years and
33 (94%) were male. The median CD4 count was 10.5/µL
(range 1-91/µL). The ECOG performance status was 0 or
1 in 11 (34%), 2 in 10 (31%) and 3 in 10 (31%). Prior
opportunistic infection included pneumocystis carinii in 10
(33%), cytomegalovirus infection in 9 (30%), candida
esophagitis in 7 (24%), mycobacterium avium
intracellulare in 6 (19%), and other infections in 11
(42%). CSF cytology was performed in 16 patients, of
whom three were positive for malignant cells consistent
with meningeal lymphoma. In many instances lumbar
puncture was felt to be contraindicated and CSF cytology
not available.

B. Systemic diagnostic workup
Bone marrow biopsy revealed no evidence of

lymphoma in any patient. In one patient the CXR revealed
coexistant lymphoma in the lung, which was confirmed on
computerized tomography (CT) of the chest.

C. Clinical and radiographic presentation
of CNS disease

Clinical and radiographic features are shown in
Table 2. All patients had neurologic symptoms at
diagnosis. The most common presenting signs and/or
symptoms included motor deficits in 13 (37%), altered
mental status in 11 (31%), headache in 10 (29%), visual
disturbance in 9 (26%), cranial nerve deficits in 8 (23%),
speech impairment in 8 (23%), cerebellar deficits in 7
(20%), sensory deficits in 6 (17%), and papilledema in 1
(4%). Imaging studies of the brain revealed the tumors to
be unilateral in 23 patients (66%), and the median tumor
size was 5.2 cm2 (1.5-27.5). Supratentorial structures were
involved in 20 patients (57%) and infratentorial structures
were involved in 4 patients (11%).

D. Response and survival
Thirty-four patients proceeded to step 2 and received

protocol treatment. Complete response occurred in 3
patients (9%), and partial response in 1 patient (3%).

Fifteen patients (43%) did not complete radiation
therapy, including seven patients who died before
completion, five patients who declined to complete
therapy, and three patients who had showed tumor
progression during radiation therapy. The median survival
was 2.4 months (95% confidence intervals 1.1, 3.2
months) (Figure 1). Four patients survived at least one
year. The characteristics of the responders and/or long-
term survivors are summarized in Table 3.

E. Toxicity
There were 8 patients (23%) who died within 30 days

of initiating treatment, including four patients who died of
infectious complications, two patients who had pulmonary
failure, one patient who had a brain herniation, and one

Table 1. Patient Characteristics
Age

Median 36 years
Range 22 - 54 years

ECOG Performance Status (N=32)
 0, 1 11 (34.4%)

2 10 (31.3%)
3 10 (31.3%)
4 1 (3.1%)

CD 4 Count (N=26)
Median 10.5/uL
Range 1-91/uL

Neutrophil Count (N=31)
Median 2800/ul
Range 1000-15,100/ul

Hemoglobin (N=31)
Median 12.0 g/dl
Range 9.2-15.7

Platelet Count (N=31)
Median 210,000/ul

Range 64,000-452,000

Table 2. Clinical and Radiographic Findings
Clinical Findings

   Motor deficits
   Altered mental status
   Headache
  Visual disturbance
  Cranial nerve deficits
  Speech impairment
  Cerebellar deficits
  Sensory deficits
  Papilledema

Number

13
11
10
9
8
8
7
6
1

Percent

37%
31%
29%
26%
23%
23%
20%
17%
4%

Radiographic Findings

  Unilateral lesions
  Supratentorial lesions
  Infratentorial lesions

23
20
4

66%
57%
11%

Figure.1. Overall survival of treated patients (N=-34).
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patient who died during a grandmal seizure. Grade 4
toxicity included leukopenia in 63%, thrombocytopenia in
20%, and liver, pulmonary, neurosensory, neuromotor, and
metabolic toxicities one patient each (3%).

F. Evaluation of cerebrospinal fluid for
EBV DNA

The results of the studies of CSF for EBV DNA are
shown in Table 4. CSF spe cimens from 15 pa tie nts w ith
PC NSL e nrolled on this  s tudy and 73 patients  with HIV
infe ction and other conditions obtained from the Johns 
Hopkins  A IDS Spec imen Ba nk we re available for a na lys is 
by EBV PC R. Of the 15 pa tie nts w ith PCN SL who had
spec ime ns  evaluated, in 10 pa tie nts the  CSF was  obta ined
be fore thera py. EBV  DN A was  dete cted in 8 of 10 patients
with pre-tre atment CSF s pec imens  a vaila ble . In 5 patie nts 
with CSF obtained a fte r eithe r c omple te  tumor e xc ision by
surgery (1 patient) or the initiation of c he mothe rapy (4
pa tients), EBV  DN A was  not de tec te d. In addition, EB V
DN A was  dete cted in 1 of 16 patients (6%) with
toxopla smosis, 1 of 27 patients (4%) with progres sive
multifoca l le ukoence pha lopathy, 2 of 8 patients (25%) w ith
cytomegalovirus e nc ephalitis, and none of 15 pa tients
without ne urologic dia gnose s. In 7 pa tie nts w ith s ys temic 
lymphoma without ce ntral ne rvous  s ystem involve me nt,
EB V was  dete cted in none . In patients with PC NSL,
de te ction of EBV DN A in the  C SF ha d a  s ens itivity of 80%,
spec ificity of 94 %, pos itive  predictive value of 67%, and a
ne ga tive pre dictive  va lue of 97%.

IV. Discussion
We report the results of a multi-institutional trial

evaluating a diagnostic algorithm and treatment program
for patients with HIV infection and biopsy-confirmed
PCNSL. The objectives of this study were to evaluate the
role of routine screening for systemic disease, the accuracy
of detecting EBV DNA in the cerebrospinal fluid for
diagnosing PCNSL, and whether the administration of a
single cycle of chemotherapy prior to brain irradiation
improved the outcome for patients with this condition.

At the time the study was initiated, bone marrow
biopsy and computerized tomography of the chest,
abdomen and pelvis were routinely recommended in order
to rule out the possibility of occult systemic disease.
Patterns of involvement by B-cell and B-cell derived
malignancies are notably distinct in HIV-infected patients
and cannot be predicted by extrapolation from uninfected
hosts. Thus non-Hodgkin's lymphoma much more
commonly involves extra lymphatic sites in HIV patients
than in others (Levine et al, 2001; Sparano, 2001).
Similarly, Hodgkin's disease not uncommonly presents
with bone marrow involvement in HIV patients (Levine,
1998). Finally, visceral plasmacytomas occur in HIV-
infected patients (Carraway and Ambinder, 2002). There
has been no previous systematic study of bone marrow
involvement in AIDS PCNSL. The results of step 1 of this
study showed that the most invasive staging test, bone
marrow biopsy, never showed lymphomatous
involvement. CT scanning identified systemic lymphoma
in only one patient who had intrathoracic disease
demonstrable on chest x-ray. Our findings suggest that
routine bone marrow biopsy and CT scans of the body
have a low diagnostic yield in this setting and are
generally not indicated.

A related diagnostic issue is the utility of detecting
EBV DNA in the CSF by PCR in patients with HIV
infection and intracranial mass lesions. Previous reports
have documented the presence of EBV DNA in the CSF in
the majority of patients with HIV infection and PCNSL
(MacMahon et al, 1991; Cinque et al, 1993; Arribas et al,
1995; Antinori et al, 1997, 1999). For example, Cingolani
et al (1998) evaluated CSF EBV DNA by PCR in 122
patients with HIV infection, including 42 patients with
PCNSL and 80 with a variety of non-malignant conditions.
CSF EBV DNA had a sensitivity of 80% (95% confidence
intervals 61%, 92%) and a specificity of 100% (95%
confidence intervals 93%, 100%). The authors concluded
that sampling of the lumbar CSF would have led to a
correct diagnosis in 63% of patients with HIV-associated
PCNSL, and would have excluded this diagnosis in 76%.

Table 3. Summary of Patient Data for Responders and/or Long Term Survivors
Case Response Age Performance

Status
CD4 Survival

(Months)
Survival
Status

14001 CR 32 1 - 14.3 Dead
14004 CR 46 1 11 37.9 Alive
14011 PR 38 0 50 3.2 Dead
14020 CR 32 1 59 23.4 Alive
14601 SD 22 0 91 16.3 Alive

Table 4. Analysis of CSF for EBV DNA
Diagnosis No. Positive/Samples Percent Positive
PCNSL 8/10 80%
Systemic lymphoma 0/7 0%
Cerebral toxoplasmosis 1/16 6%
Progressive multifocal leukoencephelopathy 1/27 4%
Cytomegalovirus encephalitis 2/8 25%
Other neurological diagnosis 1/15 7%
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In addition, the same group reported that EBV DNA in the
CSF usually disappears with treatment of the lymphoma
(Antinori et al, 1999). Our findings are consistent with
these previous reports. In combination with imaging
techniques, a positive EBV PCR result may obviate the
need for brain biopsy in some patients with intracranial
mass lesions and HIV infection. The identification of EBV
in the CSF of some patients with HIV is consistent with
the occasional identification of EBV in patients with
infectious mononucleosis and associated neurological
symptoms. It is curious that in this series (Table 4), EBV
in the CSF in patients without lymphoma was most
commonly found in HIV patients with cytomegalovirus
encephalitis. Whether the detection of EBV in this setting
points to some specific interaction between the two viruses
or simply reflects profound cellular immunodeficiency is
not clear. Future studies using quantitative methods for
EBV load in CSF may facilitate differentiation between
benign and malignant central nervous system disease.

Chemotherapy used alone or in combination with
brain irradiation has been used for the treatment of non-
HIV-associated PCNSL (Dahlborg et al, 1996; Freilich et
al, 1996; Mead et al, 2000). The Radiation Therapy
Oncology Group (RTOG) reported that CHOD
(cyclophosphamide, doxorubicin, vincristine, and
dexamethasone) chemotherapy preceding brain irradiation
was not associated with improved survival when compared
with historical data employing radiation alone in non-
immunocompromised patients (Schultz et al, 1996). A
study from the United Kingdom also showed no advatage
to CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) chemotherapy following radiation therapy
(Mead et al, 2000). Recent evidence suggests that high-
dose methotrexate based regimens may be effective for
immunocompetent patients with PCNSL.  (DeAngelis et al,
1992; Glass et al, 1994; Guha-Thakurta et al, 1999;
O'Brien et al, 2000; Batchelor et al, 2003). For example,
DeAngelis and colleagues (1992) reported a five-year
survival of 22% for patients treated with methotrexate,
high dose cytarabine, and irradiation, compared with 4%
for historical controls treated with radiation alone. A
subsequent multicenter study confirmed improved survival
compared with historical data using irradiation alone,
although delayed neurotoxicity was a major complication
of therapy, especially in patients older than 60 years of age
(DeAngelis et al, 2002). Likewise, Sandor and colleagues
(1998) treated 14 patients with PCNSL or intraocular
lymphoma with high dose methotrexate with leucovorin
rescue, thiotepa, vincristine, and dexamethasone. The
complete response rate was 79%, and 69% of the patients
survived nearly five years, of whom about one-half were
progression-free. Others have also evaluated high-dose
methotrexate alone, with deferral of irradiation until
relapse or progression, with encouraging results (Batchelor
et al, 2003). An expert panel has recommended high-dose
methotrexate-based regimen with deferred irradiation for
older (more than 60 years) in order to reduce the risk of
delayed neurotoxicity in this group, and high-dose
methotrexate and cytarabine based-combinations in
conjunction with irradiation in younger patients; the panel

did not address treatment of primary CNS lymphoma in
patients with HIV infection (Ferreri et al, 2003).

The treatment of PCNSL in AIDS patients presents
two obstacles: the blood brain barrier and the patients
profound immunocompromised status. With regard to the
blood brain barrier, imaging studies make clear that the
integrity of this barrier evolves with therapy. Contrast
enhancement of tumors prior to treatment suggests that the
tumor itself leads to profound disruption of the barrier. As
treatment proceeds, the barrier is often reestablished. Poor
tolerance of chemotherapy in AIDS patients has
established a role for reduced-dose or reduced-length
treatment in some settings (Kaplan et al, 1997). Thus for
our study we reasoned that a single cycle of chemotherapy
administered prior to the initiation of radiation therapy
might increase tumor kill with only minimal increase in
toxicity. We gave one cycle of CHOD chemotherapy
followed by irradiation in a manner similar to that
employed by the RTOG for PCNSL in immunocompetent
patients. Our results are similar to other reports that
included radiation therapy alone (Donahue et al, 1995;
Bower et al, 1999). Although those who survived more
than 1 year had CD4 counts that exceeded the median in
every case in which they were available, and the patient
with the highest CD4 count was among the longer
survivors. CD4 count was not a very good prognosticator.
Thus, the longest survivor (37.9 months) had a CD4 count
of only 11_barely above the median. Our findings suggest
that administration of a single cycle of an anthracycline
containing combination chemotherapy regimen before
radiation in patients with PCNSL and HIV infection fails
to improve patient outcome.

Our study was conducted prior to the use of HAART
in clinical practice. Several reports have indicated that
patients with HIV-associated PCNSL treated in the post-
HAART era had a much improved prognosis, especially
those who had a substantial reduction in viral load due to
HAART therapy (Skiest and Crosby, 2003). This finding
parallels improvements in survival also noted for patients
with systemic HIV-associated lymphoma treated with
standard cytotoxic therapy (Vaccher et al, 2001).
Spontaneous remission of PCSNL has been reported in
immunocompetent patients after treatment with
dexamethasone (Al-Yamany et al, 1999), and in patients
with HIV infection after treatment with HAART and
corticosteroids (Terriff et al, 1992; McGowan and Shah,
1998). In addition, Raez reported the use of parenteral
zidovudine (1.6 g twice daily), gancyclovir (5 mg/kg twice
daily), and interleukin-2 (2 million units twice daily) in
five patients with HIV-associated PCNSL, some of whom
had progressive disease after prior brain irradiation (Raez
et al, 1999). The treatment regimen was based upon the
premise that the treatment was effective against Epstein-
Barr virus-positive B-cell lymphoma cell lines in vitro.
Four of five had an objective response, of whom two were
alive and disease-free at 22 and 13 months. These findings
suggest that the prognosis may be improved for patients
with PCNSL diagnosed in the post-HAART era,
Treatment with high-dose methotrexate-based regimens
plus optimization of HAART therapy may therefore
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represent a prudent strategy for patients with HIV-
associated PCNSL that merits evaluation in clinical trials.
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