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ABSTRACT

Stereotactic radiosurgery (SRS) can be used as part of multimodality management for patients 
with primary central nervous system lymphoma (PCNSL). The objective of this study is to evaluate 
outcomes of SRS for this disease. 

The International Gamma Knife Research Foundation identified 23 PCNSL patients who underwent 
SRS for either relapsed (intracerebral in-field or out-of-field tumor recurrences) or refractory disease 
from 1995-2014. All 23 patients presented with RPA Class I or II PCNSL, and were initially treated 
with a median of 7 cycles of methotrexate-based chemotherapy regimens (range, 3-26 cycles). Ten 
received prior whole brain radiation (WBRT) to a median dose of 43 Gy (range, 24-55 Gy). Sixteen 
presented with relapsed PCNSL, and seven presented with refractory disease. Twenty-three received 
26 procedures of SRS. The median tumor volume was 4 cm3 (range, 0.1-26 cm3), and the median 
margin dose was 15 Gy (range, 8-20 Gy). Median follow-up from SRS was 11 months (interquartile 
range, 5.7-33.2 months). Twenty presented with treatment response to twenty-three tumors (12 
complete, 11 partial). Fourteen patients relapsed or were refractory to salvage SRS, and local control 
was 95%, 91%, and 75% at 3, 6, and 12 months post SRS. Intracranial (in-field and out-of-field) and 
distant (systemic) PFS was 86%, 81%, and 55% at 3, 6, and 12 months post SRS. Toxicity of SRS was 
low, with one developing an adverse radiation effect requiring no additional intervention. 

Although methotrexate-based chemotherapy regimens with or without WBRT is the first-line 
management option for PCNSL, SRS may be used as an alternative option in properly selected patients 
with smaller relapsed or refractory PCNSL tumors.

Keywords: radiosurgery; primary central nervous system lymphoma; salvage; International Gamma 
Knife Research Foundation
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MATERIALS AND METHODS

Study population

Individual institutional review board approval 
was obtained for each medical center participating 
in this study. All participating centers are members 
of the International Gamma Knife Research Founda-
tion (IGKRF). The following centers contributed to 
this study: New York University (N=1), Universite de 
Sherbrooke (N=1), Tapei Veterans General Hospital 
(N=2), University of Manitoba (N=1), University of 
Virginia (N=4), and University of Pittsburgh (N=14). 
All patients were diagnosed with PCNSL, were treated 
with Gamma Knife SRS from 1995-2014, and were 
assessed by each center for inclusion into this study. 
A database with variables including age, gender, Kar-
nofsky Performance Status (KPS), date of diagno-
sis, histopathologic diagnosis, imaging information, 
chemotherapy details, WBRT treatment details, tumor 
response to initial treatment, date of relapse or pro-
gression following initial treatment, location of tumor 
relapse (intracerebral in-field, intracerebral out-of-
field, or systemic tumor recurrences) or progression 
of refractory disease, date of salvage with SRS, tumor 
volume, SRS dose (margin and maximum), SRS treat-
ment response, date and location of relapse or progres-
sion of refractory disease following SRS, date of death 
or last follow-up, and details of adverse treatment 
effect were sent to all participating centers. Due to the 
multifocal nature of PCNSL, patients presenting with 
relapsed or refractory disease were included in this 
analysis if there was imaging confirmation of local-
ized disease within the brain (i.e. 1-3 tumors). Data 
was collected by participating investigators, remov-
ing all patient identifiers, and were sent to principal 
investigators at NYU for final data analysis. For each 
patient, we used recursive partitioning analysis (RPA), 
which includes age and KPS[3]. 

Parameters associated with overall survival (OS) 
and intracranial progression-free survival (PFS) 
were assessed including presence of multifocal dis-
ease at time of diagnosis, tumor volume (≥4 cm3 or 
<4 cm3; dichotomized by a median tumor volume 
of 4 cm3 for the evaluated cohort), gender (male or 
female)12, age (≥50 years or <50 years)3, , location in 
deep structure of brain (yes or no)[13], prior treat-
ment with WBRT, SRS dose (≥15 Gy or <15 Gy; 
dichotomized by a median SRS dose of 15 Gy for 
the evaluated cohort), and tumor response to SRS 
(partial versus complete). SRS treatment response 
(complete=CR or partial response=PR) was evalu-
ated on the first post-treatment follow-up imaging 
studies with either MRI or CT. CR was defined as 

INTRODUCTION

Although primary central nervous system lym-
phomas (PCNSL) are uncommon, accounting for 4 
percent of CNS malignancies, the incidence of these 
tumors has slightly risen especially in the elderly 
population and in those with infection with human 
immunodeficiency virus (HIV) leading to acquired 
immunodeficiency syndrome1,2. Unlike other CNS 
malignancies, surgery does not commonly play a 
role except in establishing a diagnosis. Treatment 
is based on a high-dose methotrexate-based (MTX) 
chemotherapy regimen alone or with consolidative 
whole brain radiotherapy (WBRT). Patients with 
good performance status and renal function are 
initially treated with induction MTX-based chemo-
therapy regimens followed by WBRT, resulting in 
a predicted median survival as high as 8.5 years3. 
Poor-performance patients can be managed with 
WBRT alone, resulting in inferior rates of tumor 
control and survival compared to combined modal-
ity treatment4.

In the elderly, WBRT is often deferred following 
complete response to MTX-based chemotherapy 
regimens, due to concerns of unacceptable neu-
rotoxicity5. On the other hand, younger patients, 
generally <60 years of age, with good performance 
status and renal function, can be treated with high-
dose MTX-based chemotherapy regimens followed 
by WBRT for improved outcomes2,6. Although sur-
vival has improved following the introduction of 
MTX-based chemotherapy regimens, 35%-60% of 
patients may relapse or become refractory to first-
line treatment, requiring salvage treatment with 
regimens including temozolomide, topotecan, ritux-
imab, high-dose cytarabine, or high-dose chemo-
therapy with autologous stem cell transplantation6-9. 
However, none of these regimens have been estab-
lished as standard of care, resulting in a heterogene-
ity of treatment options, and addressing the need for 
standardized regimens established through prospec-
tive trials or derived from large multi-institutional 
experiences especially in patients presenting with 
relapsed or refractory PCNSL. 

SRS has been used primarily in the salvage set-
ting for patients presenting with relapse of small 
tumors10,11. Since a favorable therapeutic ratio may 
be achieved using this treatment modality, especially 
with a potentially low risk of treatment-induced 
neurotoxicity, we evaluated the outcomes of SRS in 
patients with PCNSL. Due to the rarity of this condi-
tion, we collected retrospective data provided by 6 
medical centers to evaluate the outcomes of PCNSL 
patients treated with SRS. 
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complete disappearance of enhancing or nonen-
hancing tumor, and PR was defined as shrinkage 
of tumor volume with residual enhancing or non-
enhancing tumor at the site of treatment. Concur-
rent treatment with systemic therapy and SRS was 
defined as treatment with systemic therapy either 
on the same day or within 2 months of treatment 
with SRS. Concurrent treatment with systemic ther-
apy and SRS was also evaluated with respect to OS 
and PFS. Following SRS treatment, radiographic 
imaging was reviewed by the treating physicians 
and their respective institution’s neuroradiologists 
to interpret whether the patient’s treated tumors 
resulted in adverse radiation effects (ARE), tumor 
progression or pseudo-progression14. 

RADIOSURGERY TECHNIQUE

At each participating center, patients in this study 
were treated with SRS using Gamma Knife technique. 
Radiosurgery has been described in detail in previous 
reports15. In brief, SRS was performed under local anes-
thesia using a Leksell Gamma Knife (Models U, B, C, 
4C, or Perfexion®; Stockholm, Sweden), depending on 
the technology available in all participating centers. After 
application of a stereotactic head frame, high-resolution 
MRI studies were obtained unless the patient had a con-
traindication to MRI (ferrous aneurysm clip, etc.) and 
therefore was imaged using cranial computed tomog-
raphy (CT). SRS target volume, delineated on Gamma 
Plan, maximal and margin dose to the tumor were deter-
mined at the time of dose planning. SRS treatment dose 
was determined based on the size of the contoured tumor, 
location of the tumor, and whether the patients were 
treated with prior radiation treatment. No margin was 
added to the segmented tumor volume. Following SRS, 
patients were typically discharged the same day and 

Table 1. Patient and radiosurgery characteristics

Age 

•	Median (range) 62 (21-84)

Gender (N=23 patients)

•	Male

•	Female

13 (57 %)

10 (43 %)

KPS (N=23 patients)

70-100 23 (100%)

RPA (N=23 patients)

•	I

•	II

5 (22%)

18 (78%)

Histopathology (N=23 
patients)

•	Diffuse large B-cell 
lymphoma  23 (100%) 

Cycles of methotrexate-based 
chemotherapy regimens 

•	Median (range) 7 (1-26 cycles)

Prior external beam radiation 
dose

•	Median dose, Gy (range) 43 Gy (24-55 Gy)

Number of months between 
methotrexate-based 
chemotherapy and SRS

•	Median (range)
2 months (1-159 

months)

Tumor location (N=26 
tumors)

•	Paraventricular

•	Cerebellum

•	Frontal lobe

•	Parietal lobe

•	Temporal lobe

•	Occipital lobe

•	Thalamus

•	Basal ganglia

•	Medulla oblongata

•	Retina

3 (12%)

5 (18%)

4 (15%)

4 (15%)

3 (12%)

2 (8%)

1 (4%)

2 (8%)

1 (4%)

1 (4%)

Tumor presentation prior to 
SRS (N=23 patients)

•	Relapsed

•	Refractory with 
progression

16 (70%)

7 (30%)

Total tumor volume (cm3)

•	Median (range) 4 cm3 (0.1-26 cm3)

Maximum tumor diameter 
(cm)

•	Median (range) 2 cm (0.2-3.0 cm)

 Margin dose (Gy)

•	Median (range) 15 Gy (8-20 Gy)

Maximum dose (Gy)

•	Median (range) 30 Gy (16-40 Gy)

Concurrent treatment with 
SRS and chemotherapy (N=23 
patients)

•	Yes

•	No

6 (26%)

17 (74%)

KPS Karnofsky Performance Status, RPA Recursive 
Partitioning Analysis, SRS Stereotactic Radiosurgery
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Meier Method. Significance was assessed using the log-
rank statistic with a two-sided p < 0.05 set as the level 
of significance. All calculations were performed using 
IBM SPSS, version 21, (SPSS; Chicago, IL, USA).

RESULTS

Patient characteristics

Twenty-three patients were included in this multi-
institutional analysis with detailed patient characteris-

follow-up MRI or CT was performed every 2-3 months 
thereafter or according to the participating institution’s 
follow-up protocol to assess tumor treatment response. 

Statistical analysis

OS, PFS (including intracranial in-field, out-of-field, 
and/or systemic tumor recurrences), and local control 
(LC) from time of SRS were estimated and plotted 
using the Kaplan-Meier Method. Univariate analyses 
of significance were also performed using the Kaplan-

Figure 1. A) Axial multiplanar reconstruction (MPR) MR image obtained at time of SRS for treatment of recurrent 
PCNSL tumor in the left aspect of the genu of the corpus callosum. B) The tumor volume was 0.1 cm3 and was 
treated to a margin dose of 20 Gy (Yellow=20 Gy, Green=12 Gy). C) Post-SRS MPR MR image 8 months later 
demonstrates complete regression of tumor. 

Figure 2. OS from time of SRS Figure 3. PFS from time of SRS
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tics shown in Table 1. Median age was 62 (range, 21-84 
years). The majority of patients were male (57%), and 
were RPA Class II (78%). All patients had KPS≥70. 
One patient had history of HIV infection. Diagnostic 
evaluation with biopsy confirmed diffuse large B-cell 
lymphoma in all patients evaluated in this study, and the 
majority of patients were treated with MTX-based chem-
otherapy regimens (84%). Six patients initially presented 
with multifocal disease. Following treatment with MTX, 
10 patients received WBRT. Ten patients were treated 
with second-line treatment regimens with temozolomide 
and high-dose cytarabine (N=1), autologous stem cell 
transplantation (N=1), high-dose cytarabine followed by 
rituximab (N=6), or high dose-cytarabine (N=2).

Tumor response and local control

Following SRS in twenty-three patients, twenty 
patients presented with treatment response to twenty-
three tumors (12 CR, 11 PR) at the time of their first fol-
low-up MRI or CT 2-3 months following SRS (Figure 
1). One patient had a PR and CR to two intracerebral out-
of-field recurrences treated with SRS in the same treat-
ment session. Another patient had CR following SRS for 
his first intracerebral in-field recurrence of PCNSL, and 
PR following a second procedure of SRS for a second 
intracerebral out-of-field recurrence. A third patient had 
CR following SRS for her first intracerebral out-of-field 
recurrence of PCNSL, and CR for a second intracerebral 
out-of-field recurrence treated with SRS. Five patients 
were disease-free at most recent follow-up.

 Fourteen patients had relapsed or progression of 
refractory disease following SRS. Twelve patients had 
13 relapsed tumors (n=6 intracerebral out-of-field, n=6 
intracerebral in-field, n=1 systemic tumor recurrences), 
and 2 had disease refractory to salvage SRS, One 
patient presented with intracerebral in-field recurrences 
to 2 discrete tumors treated with SRS. Median time to 
tumor progression of refractory disease or relapse fol-
lowing SRS was 8 months. Local control at 3, 6, and 12 
months from time of SRS was 95%, 910%, and 75%, 
respectively.

Overall survival and intracranial progression-free 
survival

One-year OS from time of SRS was 47% (Figure 
2). PFS at 3, 6, and 12 months from time of SRS was 
86%, 81%, and 55%, respectively (Figure 3). None of 
the clinical variables analyzed were associated with 
decreased OS from time of SRS including, presence of 
multifocal disease at diagnosis, male gender, age ≥50 
years, prior treatment with WBRT, SRS dose, concur-
rent use of systemic therapy with SRS, location in deep-
seated structure of brain, or partial tumor response to 
SRS. However, tumor volume ≥4 cm3 trended towards 
significance with respect to worse OS (p=0.08). The 
cause of death was reported to be due to progres-
sion of intracerebral lymphoma in two patients. None 
of the studied clinical variables were associated with 
decreased PFS from time of SRS., except for tumor vol-
ume ≥4 cm3 (p=0.049). 

Table 2. Selected series outcomes of relapsed or refractory PCNSL patients treated with SRS

Author n
Single or Multi-

institutional Data Collection
Median 

Margin Dose
Median Tumor 

Volume
1 Year PFS/

OS
1 year 

LC

Sakamoto 
et al. 10 9 Single Retrospective 12 Gy 3.5 cm3 22%/58% 89%

Kenai et 
al. 17 22 Single Retrospective 16.5 Gy 4 cm3

Not 
Reported 100%

Matsumoto 
et al. 18 6 Single Retrospective

Not 
Reported Not Reported

Median 
PFS/OS: 11 
months/17 

months 67%

Kumar et 
al. 19 14 Single Retrospective 15.5 Gy 6.7 cm3

Median 
PFS/OS: 4 
months/9.5 

months 78% 

Current 
Study 23 Multi Retrospective 15 Gy 4 cm3 55%/47% 75%

PCNSL Primary Central Nervous System Lymphoma, SRS Stereotactic radiosurgery, PFS Progression-free survival, OS 
Overall survival, LC Local Control
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Toxicity

Following SRS, one patient developed a grade 1 
ARE, which was seen on follow-up imaging. The 
patient did not develop symptomatic change requiring 
additional intervention. The treated tumor completely 
regressed on subsequent imaging studies.

DISCUSSION

Approximately one third of PCNSL patients will 
present with disease refractory to first-line MTX-based 
chemotherapy regimens, requiring utilization of sal-
vage therapy16. Additionally, up to 60% of patients will 
present with relapsed disease following initial tumor 
response to first-line treatment6. Although there is no 
current standard approach to the second-line manage-
ment of relapsed or refractory PCNSL, the outcomes of 
this study demonstrate that patients can be safely and 
effectively be treated with SRS in the second-line set-
ting, with one patient developing a grade 1 ARE. 

SRS has primarily been used in the palliative setting 
for patients with relapsed or refractory PCNSL17-19,10 
(Table 2). In this multi-institutional study, all patients in 
this study were treated with SRS for relapsed or refractory 
tumors, with 20 patients demonstrating clinical response 
(CR and PR). These findings are consistent with other case 
series, including a single institution retrospective series of 
9 patients with 17 relapsed tumors, demonstrating treat-
ment response in 76% of treated tumors10. Another single 
institution retrospective series of 22 patients also showed 
that in 18 patients who had received prior first-line therapy, 
there was 100% treatment response in tumors treated with 
SRS17. Despite treatment response, prognosis is still poor 
for patients treated with SRS, with a median time to tumor 
progression or relapse of 8 months, and a 1-year OS and 
PFS of 47% and 55%. These findings are consistent with 
the results of other retrospective and small phase II stud-
ies evaluating the use of other salvage therapies including 
combination therapy with rituximab and temozolomide or 
topotecan, but they are inferior to the results of a study 
evaluating the use of intensive chemotherapy with hemat-
opoietic stem-cell rescue7,9,8.

Older age, a variable commonly associated with 
poorer outcomes, demonstrated no significant asso-
ciation with poorer OS or PFS in this current study3. 
Tumor volume ≥4 cm3 was associated with inferior PFS 
on univariate analysis, which suggests that SRS may 
not be as adequate of a salvage option in patients pre-
senting with larger refractory or relapsed tumors.

Important limitations of this study include sam-
ple size, which may limit the interpretation of clinical 
factors that may be associated with better prognosis 

in patients presenting with this rare tumor. Although 
SRS can potentially reduce neurotoxicity compared 
to WBRT in elderly patients treated in the salvage set-
ting, another limitation of this study is the absence of 
neurocognitive testing in this cohort. In addition, the 
retrospective nature of this study allows for inevitable 
selection bias with introduction of confounding varia-
bles. Lastly, as noted in other similar studies, follow-up 
is short, with a median follow-up of 11 months follow-
ing initial SRS treatment.

Despite these limitations, this international research 
consortium effort further supports the findings dem-
onstrated in prior institutional series of PCNSL 
patients initially managed with first-line MTX-based 
chemotherapy regimens and salvaged with SRS17-19,10. 
Although tolerability of alternative salvage treatments, 
including high dose chemotherapy and stem-cell 
transplantation, may be difficult in this population, 
patients in this study were safely and quickly treated 
with acceptable rates of tumor control and survival. 
Due to the favorable therapeutic ratio possible through 
the use of SRS, prospective evaluation with SRS com-
bined with therapeutic agents including immunother-
apy should be considered in patients with relapsed or 
refractory PCNSL20.

CONCLUSION

Although MTX-based chemotherapy regimens with 
or without WBRT is the first-line management option 
for patients with PCNSL, SRS may be safely used as 
an alternative local therapy option in properly selected 
patients with smaller relapsed or refractory PCNSL 
tumors. Further prospective studies may benefit from 
the insight provided by these results, to further improve 
the clinical outcomes of this rare disease.
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