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Abstract

Primary central nervous system lymphoma (PCNSL) most commonly (>95%) constitutes a specific kind of diffuse large
B-cell lymphoma, which shows expression of CD20, CD19 and CD79a antigens on its surface and belongs to non-
-germinal center B-cell-like type (non-GCB). This results from both its limited localization as well as immunophenotypic
and molecular features. It frequently has an aggressive clinical course and its prognosis remains highly uncertain.

PCNSL's development in areas normally free from lymphoid tissue has not been adequately explained thus far. PCNSL
is usually a solitary lesion (60-70%), with the majority (c.60%) occurring in supratentorial areas, and less frequently in
telencephalic nuclei and periventricular areas, corpus callosum, infratentorial structures, spinal cord or orbital cavities.
Lymphoid cells can occasionally create diffuse infiltration with no mass effect — a PCNSL variant known as lympho-
matosis cerebri. Reported clinical symptoms depend on the localization of the tumor in central nervous system. The
most common include: cognitive impairment, behavioral changes, focal neurological deficit and symptoms of increased
intracranial pressure. A final diagnosis of PCNSL requires histopathological evaluation of tissue samples obtained usu-
ally during a stereotactic biopsy. Identifying lymphoid cells in cerebrospinal fluid may also be sufficient. Chemotherapy
combined with radiotherapy is the standard treatment of PCNSL. For many years, surgical treatment has been contro-
versial. This provides constant encouragement to explore effective treatment methods, with neurosurgical involvement
waiting to be further defined.
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(DLBCL). The subtype shows expression of CD20, CD19 and
CD79a antigens on its surface and belongs to non-germinal
center B-cell-like type (non-GCB) [4-6].

Introduction

Primary central nervous system lymphoma (PCNSL) is an
uncommon extranodal group of non-Hodgkin lymphoma
(NHL), with no systemic symptoms. PCNSL constitutes
approximately 3% of primary central nervous system
(CNS) tumors, and approximately 1% of all non-Hodgkin
lymphoma [1, 2]. It is diagnosed at all ages, although it

Pathogenesis

PCNSL's development in areas where lymphoid tissue is
normally absent has not been adequately explained until

is most common in men aged 60-70 [3]. Histologically
PCNSL belongs to a homogenous lymphoma group. Most
commonly (>95%) it is a diffuse large B-cell lymphoma
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now. It has been studied by Deckert et al. Inmunohisto-
chemical examinations in PCNSL patients showed no
expression of lymphatic vessel endothelial hyaluronan
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receptor 1 (Lyve-1), Prospero homeobox protein 1 (Prox-1)
or podoplanin — a protein that shows its expression in
lymphatic vessel endothelium and is a remarkable mar-
ker of lymphatic vessels to evaluate lymphangiogenesis,
especially in neoplasms. The authors also suggest that no
connection between PCNSL and the lymphatic system pre-
vents the spread of lymphoma outside CNS [7]. Lymphatic
cells tend to remain in CNS, thus lymphatic foci outside
its primary location are remarkably infrequent [8]. One of
the theories behind PCNSL's pathogenesis suggests the
possibility of ‘capturing’ lymphocytes by central nervous
system to inflammatory regions, where the lymphocytes
undergo neoplastic transformations [9, 10].

Lu et al. described a 44-year-old female patient who
was diagnosed with PCNSL in the region where an active
inflammatory process had been first observed 30 months
previously. The authors stated that neuroinfection may go
ahead of or together with primary brain lymphoma. These
can show some similarities (especially at an early stage)
and can make diagnosis or treatment difficult. Inflamma-
tion typically causes demyelination or damages the nervous
tissue and differs remarkably from PCNSL during histologi-
cal examination. However, that finding does not eliminate
the hypotheses indicating the significance of inflammatory
foci as the primary ‘immunological’ reaction to developing
neoplasms. Such suggestions require verification in further
research [11]. The evidence confirms lymphocyte migration
to nervous tissue, which depends on specific and selective
interactions between lymphocyte adhesive molecules and
endothelial cells in brain vessels [12, 13]. This constitu-
tes a partial explanation for angiocentric growth of PCNSL.
In some cases, infiltration of the small and medium blood
vessel wall is noted and may result in blood-brain barrier
damage. This anomaly allows visualization of the lesion
with pathological contrast medium enhancement. Reacti-
ve small lymphocytes T and active macrophages are visible
in the surrounding of a lymphoma tumor [8]. The possible
prognostic importance of angiocentric growth in PCNSL and
reactive perivascular lymphocyte T infiltration has been sug-
gested. However, this requires a larger tissue sample than
what can be obtained during stereotactic biopsies [14, 15].

Clinical features

PCNSL is usually a solitary lesion (60-70%), with ¢.60%
occurring in supratentorial areas (frontal, temporal, parietal
and occipital lobes), and less frequently in telencephalic
nuclei and periventricular areas, corpus callosum, infraten-
torial structures, spinal cord or orbital cavities. In ¢.15-20%
of cases meninges are involved, however the course is
usually asymptomatic and diagnosed through anomalies
in the cerebrospinal fluid (CSF) [16]. Lymphoid cells may
sometimes create diffuse infiltration with no mass effect
— a PCNSL variant known as lymphomatosis cerebri [17].

Reported clinical symptoms depend on the localization
of the tumor in CNS. The most common include: cognitive
impairment, behavioral changes, focal neurological defi-
cit and symptoms of increased intracranial pressure [18].

PCNSL has an aggressive clinical course and is thus
important to diagnose promptly. Plain computed tomo-
graphy (CT) in patients with serious neurological symptoms
shows hypodense lesions which may resemble ischemic
foci. In order to reach the appropriate diagnosis, one sho-
uld perform magnetic resonance imaging (MRI). Primary
central nervous system lymphoma is either iso- or hypo-
intensive in T1-weighted series and is hyperintensive in
T2-weighted scans. Contrast medium shows homogenous
enhancement, however hypointensive necrosis is occasio-
nally seen. Further diagnostic means, like MRI spectrosco-
py (MRS), perfusion MRI, single-photon emission compu-
ted tomography (SPECT) or positron emission tomography
(PET), should be considered in order to differentiate from
infections, other brain tumors (primary, metastatic) or neu-
rosarcoidosis [19]. These diagnostic tools may also help
differentiate PCNSL from glioma — the most common cen-
tral nervous system tumor. Comparing with glioma, PCNSL
shows higher leakage coefficient, lower central blood vo-
lume (CBV), more vascular permeability, and less damage
to the blood-brain barrier [20]. After microscopic studies,
Lai et al. proved that MRI scans do not always evaluate the
area of lymphoma infiltration in CNS perfectly, since no
‘radiological’ pathology may be observed, even in T2-wei-
ghted images [21]. Adachi et al. [22] suggested that the
contrast enhanced regions may only represent a part of
the neoplastic process.

The final diagnosis of primary central nervous system
lymphoma is set after histopathological examination of tis-
sue samples obtained most frequently during a stereota-
ctic biopsy. Identifying lymphoid cells in cerebrospinal fluid
(CSF) may also be sufficient. However, lumbar puncture is
not always possible. CSF usually has higher protein concen-
trations and lymphoid cells are observed only in 10-16%
of cases [18]. A recent report on the evaluation of miRNA
from CSF has shown that they involve mir-19bi, miR-21 and
miR-92a with the specificity of 96.7% for PCNSL [23].

Treatment

Chemotherapy combined with radiotherapy is the standard
treatment of PCNSL. For many years, surgical treatment
has been controversial. Single examples of long overall
survival in PCNSL patients after gross total tumor removal
with short-lasting steroid therapy [24, 25] or with radio-
and chemotherapy [26] have been reported in the litera-
ture. Supporters of surgical resection emphasize the po-
ssible cytoreductive effect and eradication of genetically
unstable and resistant to cytostatic therapy lymphoid cells
[27]. Cytoreduction as an important treatment modality is
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applied in the therapy of malignant brain tumors, including
gliomas. Apart from remission of the symptomatic mass
effect, gross total resection contributes to better oncolo-
gical control and prolongs overall survival (0S) in certain
cases. Correlations between resection range and 0S are
known from observational studies [28-31]. In 2010, the
German group G-PCNSL-SG-1 conducted a randomized
phase Il study which evaluated the efficacy of WBRT com-
bined with high doses of Mtx in 526 patients with newly
diagnosed PCNSL. Apart from the principal study aim,
0S and progression-free survival (PFS) were significantly
longer in patients who underwent gross total or non-total
tumor resection in comparison to the group that only
had a biopsy. There was no proof for a significant corre-
lation between the site of ymphoma and PFS or 0S [32].
Weller et al. observed similar positive effects of surgical
treatment. The extent of procedure (gross total/partial
resection) had no significance, however the number of
lymphoma foci in CNS proved to be significant for progno-
sis [33]. Tumor resection combined with chemo- and ra-
diotherapy were an effective treatment modality in PCNSL
patients studied by Bellinzona et al. [34]. Unfortunately,
those positive results have not been confirmed in our own
studies (unpublished data) or in studies by Bataille et al.
[35] or Jahr et al. [36]. The main argument against radical
surgeries is that lymphoid changes in the central nervous
system are multifocal and spread throughout deep brain
structures. Autopsy studies showed that lymphoma has
no capsule and neoplastic cells practically spread throu-
ghout the brain. Patients with recurrent central nervous
system lymphoma in locations remote from the primary
area have been described [37]. Researchers also indi-
cate that it is possible for lymphoid cells to migrate to
the subarachnoid space [38]. The risk of postoperative
complications is also regarded as a reason to postpone
chemotherapy [35]. However, such opinions are mainly
based on data from decades before [39, 40]. Lately, the
number of complications caused by neurosurgical or ana-
esthetic procedures has significantly decreased [41-43].
This is connected with a more frequent use of MRI and
other modern technologies of visualizing tumors, as well
as with better perioperative care [44, 45].

Cloney et al. [46] showed in their retrospective analy-
sis that the number of complications in PCNSL patients af-
ter lymphoma resection was comparable to the number of
complications in patients with tumors for which gross total
resection is the first line treatment. At the same time, no
statistically significant difference has been shown for the
risk of complications dependant on the range of procedure
(resection/biopsy). According to the authors, age and mul-
tiple loci mainly in deep brain areas should be indications
for biopsy [46]. Partial or gross total resection of a lympho-
ma tumor seems to be beneficial in patients with symptoms
of rapidly increasing intracranial pressure. With the use of
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modern operative techniques, the resection may contribu-
te to the improvement of general condition, and therefore
it may be beneficial for the course of disease and for the
possibility of starting intensive chemotherapy. Currently, it
is the patient’s general condition and age that belong to
prognostic factors independent from treatment modality
in PCNSL patients [47].

The choice of surgery type is extremely complex. Usu-
ally, the choice is made for the patient: ‘yes for brain tu-
mour’ where resection is the treatment of choice, and ‘no
for lymphoma’, since the diagnosis is set only after histo-
pathology. Potential pre- or intraoperative differentiation
between primary lymphoma and other tumors (e.g. glioma)
remains in relation to this important unsolved problem as
to which surgery modality to choose, and can significantly
influence the treatment. Intraoperative cytometric exami-
nation creates such possibilities of differentiation. A pio-
neering study was carried out by Koriyama et al. [48], who
used differences in DNA histogram of both tumors.

Corticosteroids play an important role in the treatment
of neoplasms in the lymphatic system. Their immunosu-
ppressive and cytostatic effects on neoplastic cells is used.
At the same time, controversy regarding their application
in PCNSL patients remains. First effects are usually pre-
sent after 2-3 days and include reduction of brain edema
and it leads to temporary clinical stability. Rarely observed
total or partial response of lymphoma may appear within
a few hours [49].

Discontinuation of corticosteroid therapy is always con-
nected with recurrence which may take place after vari-
ous times. Herrlinger et al. reported on one of the longest
remission times — 6.5 years [50]. Unfortunately, restart-
ing the treatment does not guarantee successful effects.
Even with permanent corticosteroid therapy, maintaining
the obtained partial or complete remission is impossible.
No response to treatment, or its considerable reduction,
may be explained by clonal evolution of lymphoma whose
cells become resistant to the drug. This resistance may
be a result of either low expression of glucocorticoid re-
ceptors [51] or high expression of gene Bcl-2 that plays
a role in apoptosis processes [52]. Histopathology exami-
nations of stereotactic biopsy samples in PCNSL patients
after pre-therapy with corticosteroids were analyzed by
Onder et al. [53] who concluded that reaching the diagno-
sis was trouble-free only in 48% of patients. In all the other
cases, however, atypical changes of lymphoma cells were
observed and caused problems in reaching the diagnosis.
Histopathological images sometimes suggest an inflamma-
tion. Occasionally they show areas of demyelination and
T-cell infiltrations [54]. That is why Patrick et al. [55] sug-
gest discontinuing corticosteroids 7-10 days before the
elective biopsy. Corticosteroids also decrease infiltration
of cytostatic drugs to the brain tissue by ‘tightening’ the
blood-brain barrier [54]. Some researchers have reported
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on the possible prognostic significance of the original re-
action to steroids. Regression of radiological changes and
clinical recovery have a importantly beneficial influence on
0S (median 17.9 vs. 5.5 months) according to a retrospec-
tive analysis of 57 patients with primary central nervous
system lymphoma [56]. Adequate ‘radiological’ response
to corticosteroid therapy-caused PCNSL lesions has led to
them being called ‘disappearing tumors’ or ‘ghost tumors’.
According to Yamaguchi et al. [57], this phenomenon, along-
side MRI and FDG-PET, can be applied as an alternative
diagnostic means for PCNSL, especially when lymphoma
foci are located in deep brain areas, normally connected
with a high risk of complications after surgical treatment.
However, one must bear in mind that ‘disappearing tumor’
is not always an accurate description of PCNSL. Bromberg
et al. showed that of 12 such cases, PCNSL was diagnosed
only in five. In the remaining cases, a demyelinating dis-
ease, stroke, sarcoidosis, or renal carcinoma metastasis
were diagnosed [58].

In some patients, a Rickham’s reservoir is placed.
This gives an opportunity to give cytostatic injections
intraventricularly, most commonly combined with syste-
mic chemotherapy. The fact that cerebrospinal fluid in
some PCNSL patients is probably a specific reservoir of
lymphoid cells justifies such a procedure. In a multidrug
Boston regimen, Pels et al. [59] used the possibility to
concomitantly treat systematically and intraventricularly
as first line therapy in PCNSL patients. Surprisingly good
results were noted with response rate of 71% (61% CR
and 10% PR). Median OS reached 34 months for patients
older than 60 and was not reached in younger groups of
patients. The fairly high percentage (19%) of infectious
complications should be underscored. Infections were
caused by immunodeficiencies due to steroid usage
and myelosuppression due to cytostatic agents. Repeti-
tive administration of drugs through the reservoir plays
a significant role [59].

Recently, the efficacy of immune- and chemotherapy
with rituximab and methotrexate administered intraventri-
cularly has been shown in patients with drug-resistant or
recurrent primary central nervous system lymphoma. Af-
ter intravenous administration, the concentration of ritu-
ximab in CSF reaches only 1% of its serum concentration
and is caused by high (146 kDa) molecular weight [60].
Rubenstein et al. [61] used intraventricular immunoche-
motherapy and reported on regression of lymphoid chan-
ges in basal ganglia and corpus callosum. In a significant
percentage (75%) of cases, total elimination of lymphoid
cells from cerebrospinal fluid was observed. Such a good
treatment efficacy is explained by a beneficial pharmaco-
kinetic profile with a slower elimination of monoclonal an-
tibody from CSF when methotrexate is given at the same
time. This probably plays an important role in decreasing
the risk of drug resistance to rituximab [61].

Conclusion

Primary central nervous system lymphoma constitutes
a significantly aggressive kind of lymphoma that needs
aggressive treatment, with chemo- and radiotherapy still
playing the lead role. Neurosurgical treatment in PCNSL
patients is not routine; however, it seems that in some cli-
nical conditions it should be considered as part of a broad
treatment protocol.

Authors’ contributions
All authors: writing manuscript, analysis, final approval.

Conflict of interest
None.

Financial support
None.

Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments invol-
ving humans; EU Directive 2010/63/EU for animal exper-
iments; Uniform Requirements for manuscripts submitted
to Biomedical journals.

References

1. Olson JE, Janney CA, Rao RD, et al. The continuing increase in the
incidence of primary central nervous system non-Hodgkin lymphoma:
a surveillance, epidemiology, and end results analysis. Cancer. 2002;
95(7): 1504-1510, doi: 10.1002/cncr.10851, indexed in Pubmed:
12237919.

2. Villano JL, Koshy M, Shaikh H, et al. Age, gender, and racial differen-
ces in incidence and survival in primary CNS lymphoma. Br J Cancer.
2011; 105(9): 1414-1418, doi: 10.1038/bjc.2011.357, indexed in
Pubmed: 21915121.

3. Giannini C, Dogan A, Salomé&o DR. CNS lymphoma: a practical diagno-
stic approach. J Neuropathol Exp Neurol. 2014; 73(6): 478-494, doi:
10.1097/NEN.0000000000000076, indexed in Pubmed: 24806301.

4. Camilleri-Broét S, Criniére E, Broét P, et al. A uniform activated B-cell-
-like immunophenotype might explain the poor prognosis of primary
central nervous system lymphomas: analysis of 83 cases. Blood.
2006; 107(1): 190-196, doi: 10.1182/blood-2005-03-1024, indexed
in Pubmed: 16150948.

5. Montesinos-Rongen M, Brunn A, Bentink S, et al. Gene expression pro-
filing suggests primary central nervous system lymphomas to be deri-
ved from a late germinal center B cell. Leukemia. 2008; 22(2): 400-
-405, doi: 10.1038/sj.leu.2405019, indexed in Pubmed: 17989719.

6. Lin CH, Kuo KT, Chuang SS, et al. Comparison of the expression
and prognostic significance of differentiation markers between dif-
fuse large B-cell lymphoma of central nervous system origin and
peripheral nodal origin. Clin Cancer Res. 2006; 12(4): 1152-1156,
doi: 10.1158/1078-0432.CCR-05-1699, indexed in Pubmed:
16489068.

\ www.journals.viamedica.pl/acta_haematologica_polonica


http://dx.doi.org/10.1002/cncr.10851
https://www.ncbi.nlm.nih.gov/pubmed/12237919
http://dx.doi.org/10.1038/bjc.2011.357
https://www.ncbi.nlm.nih.gov/pubmed/21915121
http://dx.doi.org/10.1097/NEN.0000000000000076
https://www.ncbi.nlm.nih.gov/pubmed/24806301
http://dx.doi.org/10.1182/blood-2005-03-1024
https://www.ncbi.nlm.nih.gov/pubmed/16150948
http://dx.doi.org/10.1038/sj.leu.2405019
https://www.ncbi.nlm.nih.gov/pubmed/17989719
http://dx.doi.org/10.1158/1078-0432.CCR-05-1699
https://www.ncbi.nlm.nih.gov/pubmed/16489068

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Deckert M, Brunn A, Montesinos-Rongen M, et al. Absence of lymp-
hatic vessels in PCNSL may contribute to confinement of tumor cells
to the central nervous system. J Neuropathol Exp Neurol. 2016;
75(6): 499-502, doi: 10.1093/jnen/nlw027, indexed in Pubmed:
27142645.

Citterio G, Reni M, Gatta G, et al. Primary central nervous system lymp-
homa. Crit Rev Oncol Hematol. 2017; 113: 97-110, doi: 10.1016/].
critrevonc.2017.03.019, indexed in Pubmed: 28427529.

Sierra del Rio M, Rousseau A, Soussain C, et al. Primary CNS lymp-
homa in immunocompetent patients. Oncologist. 2009; 14(5): 526-
-539, doi: 10.1634/theoncologist.2008-0236, indexed in Pubmed:
19433528.

Lister A, Abrey LE, Sandlund JT. Central nervous system lymphoma.
Hematology Am Soc Hematol Educ Program. 2002: 283-296, doi:
10.1182/asheducation-2002.1.283, indexed in Pubmed: 12446428.
Lu JQ, O'Kelly C, Girgis S, et al. Neuroinflammation preceding and
accompanying primary central nervous system lymphoma: case study
and literature peview. World Neurosurg. 2016; 88: 692.e1-692.e8,
doi: 10.1016/j.wneu.2015.11.099, indexed in Pubmed: 26724610.
Constantin G. Chemokine signaling and integrin activation in lymp-
hocyte migration into the inflamed brain. J Neuroimmunol. 2008;
198(1-2): 20-26, doi: 10.1016/j.jneuroim.2008.04.023, indexed in
Pubmed: 18534690.

Venetz D, Ponzoni M, Schiraldi M, et al. Perivascular expression of
CXCL9 and CXCL12 in primary central nervous system lymphoma:
T-cell infiltration and positioning of malignant B cells. Int J Cancer.
2010; 127(10): 2300-2312, doi: 10.1002/ijc.25236, indexed in
Pubmed: 20872671.

Ponzoni M, Berger F, Chassagne-Clement C, et al. International Extra-
nodal Lymphoma Study Group. Reactive perivascular T-cell infiltrate
predicts survival in primary central nervous system B-cell lympho-
mas. Br J Haematol. 2007; 138(3): 316-323, doi: 10.1111/}.1365-
-2141.2007.06661., indexed in Pubmed: 17555470.

ChangC, Lin CH, Cheng AL, et al. Primary central nervous system diffu-
se large B-cell lymphoma has poorer immune cell infiltration and pro-
gnosis than its peripheral counterpart. Histopathology. 2015; 67(5):
625-635, doi: 10.1111/his.12706, indexed in Pubmed: 25829022.
Fischer L, Martus P, Weller M, et al. Meningeal dissemination in
primary CNS lymphoma: prospective evaluation of 282 pa-
tients. Neurology. 2008; 71(14): 1102-1108, doi: 10.1212/01.
wnl.0000326958.52546.f5, indexed in Pubmed: 18824675.
Izquierdo C, Velasco R, Vidal N, et al. Lymphomatosis cerebri:
a rare form of primary central nervous system lymphoma. Analysis of
7 cases and systematic review of the literature. Neuro Oncol. 2016;
18(5): 707-715, doi: 10.1093/neuonc/nov197, indexed in Pubmed:
26415875.

Citterio G, Reni M, Ferreri AJ. Present and future treatment options
for primary CNS lymphoma. Expert Opin Pharmacother. 2015; 16(17):
2569-2579, doi: 10.1517/14656566.2015.1088828, indexed in
Pubmed: 26371872,

Tang YZ, Booth TC, Bhogal P, et al. Imaging of primary central nervous
system lymphoma. Clin Radiol. 2011; 66(8): 768-777, doi: 10.1016/j.
crad.2011.03.006, indexed in Pubmed: 21513925.

Toh CH, Wei KC, Chang CN, et al. Differentiation of primary cen-
tral nervous system lymphomas and glioblastomas: comparisons of
diagnostic performance of dynamic susceptibility contrast-enhanced
perfusion MR imaging without and with contrast-leakage correction.
AJNR Am J Neuroradiol. 2013; 34(6): 1145-1149, doi: 10.3174/ajnr.
A3383, indexed in Pubmed: 23348763.

www.journals.viamedica.pl/acta_haematologica_polonica

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Dariusz Szczepanek et al., PCNSL neurosurgery

Lai R, Rosenblum MK, DeAngelis LM. Primary CNS lymphoma:
a whole-brain disease? Neurology. 2002; 59(10): 1557-1562,
doi: 10.1212/01.wnl.0000034256.20173.ea, indexed in Pubmed:
12451197.

Adachi K, Yamaguchi F, Node Y, et al. Neuroimaging of primary central
nervous system lymphoma in immunocompetent patients: compari-
son of recent and previous findings. J Nippon Med Sch. 2013; 80(3):
174-183, doi: 10.1272/jnms.80.174, indexed in Pubmed: 23832401.
Baraniskin A, Kuhnhenn J, Schlegel U, et al. Identification of mic-
roRNAs in the cerebrospinal fluid as marker for primary diffuse lar-
ge B-cell lymphoma of the central nervous system. Blood. 2011;
117(11): 3140-3146, doi: 10.1182/blood-2010-09-308684, indexed
in Pubmed: 21200023.

Davies KG, Cole GC, Weeks RD. Twenty-year survival follo-
wing excision of primary CNS lymphoma without radiation the-
rapy: case report. Br J Neurosurg. 1994; 8(4): 487-491, doi:
10.3109/02688699408995120, indexed in Pubmed: 7811417.
Sonstein W, Tabaddor K, Llena JF. Solitary primary CNS lymphoma:
long term survival following total resection. Med Oncol. 1998;
15(1): 61-65, doi: 10.1007/BF02787347, indexed in Pubmed:
9643533.

Trapella G, Fabi S, Migliore A, et al. Primary central nervous system
lymphoma: a case of long survival. Ital J Neurol Sci. 1988; 9(3): 275-
-278, doi: 10.1007/BF02334053, indexed in Pubmed: 3403220.
Holdhoff M. Role of surgical resection in primary CNS lymphoma:
a resurrected discussion. Oncology (Williston Park). 2014; 28(7):
641-642, indexed in Pubmed: 25144288.

Sanai N, Polley MY, McDermott MW, et al. An extent of resection
threshold for newly diagnosed glioblastomas. J Neurosurg. 2011;
115(1): 3-8, doi: 10.3171/2011.2.jns10998, indexed in Pubmed:
21417701.

Lacroix M, Abi-Said D, Fourney DR, et al. A multivariate analysis of 416
patients with glioblastoma multiforme: prognosis, extent of resection,
and survival. J Neurosurg. 2001; 95(2): 190-198, doi: 10.3171/
/jns.2001.95.2.0190, indexed in Pubmed: 11780887.

Laws ER, Parney IF, Huang W, et al. Glioma Outcomes Investigators.
Survival following surgery and prognostic factors for recently diagno-
sed malignant glioma: data from the Glioma Outcomes Project. J Neu-
rosurg. 2003; 99(3): 467-473, doi: 10.3171/jns.2003.99.3.0467,
indexed in Pubmed: 12959431.

Brown PD, Maurer MJ, Rummans TA, et al. A prospective study of
quality of life in adults with newly diagnosed high-grade gliomas: the
impact of the extent of resection on quality of life and survival. Neu-
rosurgery. 2005; 57(3): 495-504; discussion 495, doi: 10.1227/01.
neu.0000170562.25335.¢7, indexed in Pubmed: 16145528.

Thiel E, Korfel A, Martus P, et al. High-dose methotrexate with or wit-
hout whole brain radiotherapy for primary CNS lymphoma (G-PCNSL-
-SG-1): a phase 3, randomised, non-inferiority trial. Lancet Oncol.
2010; 11(11): 1036-1047, doi: 10.1016/S1470-2045(10)70229-1,
indexed in Pubmed: 20970380.

Weller M, Martus P, Roth P, et al. German PCNSL Study Group. Surgery
for primary CNS lymphoma? Challenging a paradigm. Neuro Oncol.
2012; 14(12): 1481-1484, doi: 10.1093/neuonc/nos159, indexed
in Pubmed: 22984018.

Bellinzona M, Roser F, Ostertag H, et al. Surgical removal of primary
central nervous system lymphomas (PCNSL) presenting as space oc-
cupying lesions: a series of 33 cases. Eur J Surg Oncol. 2005; 31(1):
100-105, doi: 10.1016/].ejs0.2004.10.002, indexed in Pubmed:
15642434.

/£


http://dx.doi.org/10.1093/jnen/nlw027
https://www.ncbi.nlm.nih.gov/pubmed/27142645
http://dx.doi.org/10.1016/j.critrevonc.2017.03.019
http://dx.doi.org/10.1016/j.critrevonc.2017.03.019
https://www.ncbi.nlm.nih.gov/pubmed/28427529
http://dx.doi.org/10.1634/theoncologist.2008-0236
https://www.ncbi.nlm.nih.gov/pubmed/19433528
http://dx.doi.org/10.1182/asheducation-2002.1.283
https://www.ncbi.nlm.nih.gov/pubmed/12446428
http://dx.doi.org/10.1016/j.wneu.2015.11.099
https://www.ncbi.nlm.nih.gov/pubmed/26724610
http://dx.doi.org/10.1016/j.jneuroim.2008.04.023
https://www.ncbi.nlm.nih.gov/pubmed/18534690
http://dx.doi.org/10.1002/ijc.25236
https://www.ncbi.nlm.nih.gov/pubmed/20872671
http://dx.doi.org/10.1111/j.1365-2141.2007.06661.x
http://dx.doi.org/10.1111/j.1365-2141.2007.06661.x
https://www.ncbi.nlm.nih.gov/pubmed/17555470
http://dx.doi.org/10.1111/his.12706
https://www.ncbi.nlm.nih.gov/pubmed/25829022
http://dx.doi.org/10.1212/01.wnl.0000326958.52546.f5
http://dx.doi.org/10.1212/01.wnl.0000326958.52546.f5
https://www.ncbi.nlm.nih.gov/pubmed/18824675
http://dx.doi.org/10.1093/neuonc/nov197
https://www.ncbi.nlm.nih.gov/pubmed/26415875
http://dx.doi.org/10.1517/14656566.2015.1088828
https://www.ncbi.nlm.nih.gov/pubmed/26371872
http://dx.doi.org/10.1016/j.crad.2011.03.006
http://dx.doi.org/10.1016/j.crad.2011.03.006
https://www.ncbi.nlm.nih.gov/pubmed/21513925
http://dx.doi.org/10.3174/ajnr.A3383
http://dx.doi.org/10.3174/ajnr.A3383
https://www.ncbi.nlm.nih.gov/pubmed/23348763
http://dx.doi.org/10.1212/01.wnl.0000034256.20173.ea
https://www.ncbi.nlm.nih.gov/pubmed/12451197
http://dx.doi.org/10.1272/jnms.80.174
https://www.ncbi.nlm.nih.gov/pubmed/23832401
http://dx.doi.org/10.1182/blood-2010-09-308684
https://www.ncbi.nlm.nih.gov/pubmed/21200023
http://dx.doi.org/10.3109/02688699408995120
https://www.ncbi.nlm.nih.gov/pubmed/7811417
http://dx.doi.org/10.1007/BF02787347
https://www.ncbi.nlm.nih.gov/pubmed/9643533
http://dx.doi.org/10.1007/BF02334053
https://www.ncbi.nlm.nih.gov/pubmed/3403220
https://www.ncbi.nlm.nih.gov/pubmed/25144288
http://dx.doi.org/10.3171/2011.2.jns10998
https://www.ncbi.nlm.nih.gov/pubmed/21417701
http://dx.doi.org/10.3171/jns.2001.95.2.0190
http://dx.doi.org/10.3171/jns.2001.95.2.0190
https://www.ncbi.nlm.nih.gov/pubmed/11780887
http://dx.doi.org/10.3171/jns.2003.99.3.0467
https://www.ncbi.nlm.nih.gov/pubmed/12959431
http://dx.doi.org/10.1227/01.neu.0000170562.25335.c7
http://dx.doi.org/10.1227/01.neu.0000170562.25335.c7
https://www.ncbi.nlm.nih.gov/pubmed/16145528
http://dx.doi.org/10.1016/S1470-2045(10)70229-1
https://www.ncbi.nlm.nih.gov/pubmed/20970380
http://dx.doi.org/10.1093/neuonc/nos159
https://www.ncbi.nlm.nih.gov/pubmed/22984018
http://dx.doi.org/10.1016/j.ejso.2004.10.002
https://www.ncbi.nlm.nih.gov/pubmed/15642434

Acta Haematologica Polonica 2021, vol. 52, no. 4

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Bataille B, Delwail V, Menet E, et al. Primary intracerebral malig-
nant lymphoma: report of 248 cases. J Neurosurg. 2000; 92(2):
261-266, doi: 10.3171/jns.2000.92.2.0261, indexed in Pubmed:
10659013.

Jahr G, Da Broi M, Holte H, et al. The role of surgery in intracranial
PCNSL. Neurosurg Rev. 2018; 41(4): 1037-1044, doi: 10.1007/
/510143-018-0946-0, indexed in Pubmed: 29383600.

Tomlinson FH, Kurtin PJ, Suman VJ, et al. Primary intracerebral ma-
lignant lymphoma: a clinicopathological study of 89 patients. J Neu-
rosurg. 1995; 82(4): 558-566, doi: 10.3171/jns.1995.82.4.0558,
indexed in Pubmed: 7897514,

Reni M, Ferreri AJ, Garancini MP, et al. Therapeutic management
of primary central nervous system lymphoma in immunocompetent
patients: results of a critical review of the literature. Ann Oncol.
1997; 8(3): 227-234, doi: 10.1023/a:1008201717089, indexed in
Pubmed: 9137790.

Henry JM, Heffner RR, Dillard SH, et al. Primary malignant lymp-
homas of the central nervous system. Cancer. 1974; 34(4):
1293-1302, doi:10.1002/1097-0142(197410)34:4<1293::aid-
-cncr2820340441>3.0.c0;2-p, indexed in Pubmed: 4607602.
DeAngelis LM, Yahalom J, Heinemann MH, et al. Primary CNS lymp-
homa: combined treatment with chemotherapy and radiotherapy.
Neurology. 1990; 40(1): 80-86, doi: 10.1212/wnl.40.1.80, indexed
in Pubmed: 2296388.

Deyo RA, Mirza SK, Martin BI, et al. Trends, major medical complica-
tions, and charges associated with surgery for lumbar spinal stenosis
in older adults. JAMA. 2010; 303(13): 1259-1265, doi: 10.1001/
/jama.2010.338, indexed in Pubmed: 20371784.

Patil PG, Turner DA, Pietrobon R. National trends in surgical proce-
dures for degenerative cervical spine disease: 1990-2000. Neuro-
surgery. 2005; 57(4): 753-8; discussion 753, indexed in Pubmed:
16239888.

Cheney FW, Posner KL, Lee LA, et al. Trends in anesthesia-related
death and brain damage: A closed claims analysis. Anesthesiology.
2006; 105(6): 1081-1086, doi: 10.1097/00000542-200612000-
00007, indexed in Pubmed: 17122570.

Schebesch KM, Hoehne J, Hohenberger C, et al. Fluorescein sodium-
-guided surgery in cerebral lymphoma. Clin Neurol Neurosurg. 2015;
139: 125-128, doi: 10.1016/j.clineuro.2015.09.015, indexed in
Pubmed: 26432995.

Cheney FW, Posner KL, Lee LA, et al. Trends in anesthesia-related
death and brain damage: a closed claims analysis. Anesthesiology.
2006; 105(6): 1081-1086, doi: 10.1097/00000542-200612000-
00007, indexed in Pubmed: 17122570.

Cloney MB, Sonabend AM, Yun J, et al. The safety of resection
for primary central nervous system lymphoma: a single institu-
tion retrospective analysis. J Neurooncol. 2017; 132(1): 189-
-197, doi: 10.1007/s11060-016-2358-8, indexed in Pubmed:
28116650.

Corry J, Smith JG, Wirth A, et al. Primary central nervous system
lymphoma: age and performance status are more important than
treatment modality. Int J Radiat Oncol Biol Phys. 1998; 41(3): 615-
-620, doi: 10.1016/s0360-3016(97)00571-3, indexed in Pubmed:
9635710.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Koriyama S, Nitta M, Shioyama T, et al. Intraoperative flow cytometry
enables the differentiation of primary central nervous system lymp-
homa from glioblastoma. World Neurosurg. 2018; 112: e261-e268,
doi: 10.1016/j.wneu.2018.01.033, indexed in Pubmed: 29330078.
DeAngelis LM, Yahalom J, Heinemann MH, et al. Primary CNS lymp-
homa: combined treatment with chemotherapy and radiotherapy.
Neurology. 1990; 40(1): 80-86, doi: 10.1212/wnl.40.1.80, indexed
in Pubmed: 2296388.

Herrlinger U, Schabet M, Eichhorn M, et al. Prolonged corticosteroid-
-induced remission in primary central nervous system lymphoma:
report of a case and review of the literature. Eur Neurol. 1996; 36(4):
241-243, doi: 10.1159/000117261, indexed in Pubmed: 8814433.
Moalli PA, Rosen ST. Glucocorticoid receptors and resistance to glu-
cocorticoids in hematologic malignancies. Leuk Lymphoma. 1994;
15(5-6): 363-374, doi: 10.3109/10428199409049738, indexed in
Pubmed: 7873993.

Miyashita T, Reed JC. bcl-2 gene transfer increases relative resistance
of S49.1 and WEHI7.2 lymphoid cells to cell death and DNA fragmenta-
tion induced by glucocorticoids and multiple chemotherapeutic drugs.
Cancer Res. 1992; 52(19): 5407-5411, indexed in Pubmed: 1394146.
Onder E, Arikék AT, Onder S, et al. Corticosteroid pre-treated primary
CNS lymphoma: a detailed analysis of stereotactic biopsy findings and
consideration of interobserver variability. Int J Clin Exp Pathol. 2015;
8(7): 7798-7808, indexed in Pubmed: 26339344,

Weller M. Glucocorticoid treatment of primary CNS lymphoma. J Neu-
rooncol. 1999; 43(3): 237-239, doi: 10.1023/a:1006254518848,
indexed in Pubmed: 10563429.

Patrick LB, Mohile NA. Advances in primary central nervous system
lymphoma. Curr Oncol Rep. 2015; 17(12): 60, doi: 10.1007/s11912-
015-0483-8, indexed in Pubmed: 26475775.

Mathew BS, Carson KA, Grossman SA. Initial response to glucocorti-
coids. Cancer. 2006; 106(2): 383-387, doi: 10.1002/cncr.21583,
indexed in Pubmed: 16342251.

Yamaguchi S, Hirata K, Kaneko S, et al. Combined use of 18 F-FDG
PET and corticosteroid for diagnosis of deep-seated primary cen-
tral nervous system lymphoma without histopathological confirma-
tion. Acta Neurochir (Wien). 2015; 157(2): 187-194, doi: 10.1007/
/s00701-014-2290-7, indexed in Pubmed: 25488176.

Bromberg JEC, Siemers MD, Taphoorn MJB. Is a “vanishing tumor” al-
ways a lymphoma? Neurology. 2002; 59(5): 762-764, doi: 10.1212/
/wnl.59.5.762, indexed in Pubmed: 12221174.

Pels H, Schmidt-Wolf IGH, Glasmacher A, et al. Primary central nervous
system lymphoma: results of a pilot and phase Il study of systemic
and intraventricular chemotherapy with deferred radiotherapy. J Clin
Oncol. 2003; 21(24): 4489-4495, doi: 10.1200/JC0.2003.04.056,
indexed in Pubmed: 14597744,

Rubenstein JL, Combs D, Rosenberg J, et al. Rituximab therapy for
CNS lymphomas: targeting the leptomeningeal compartment. Blood.
2003; 101(2): 466-468, doi: 10.1182/blood-2002-06-1636, indexed
in Pubmed: 12393404.

Rubenstein JL, Li J, Chen L, et al. Multicenter phase 1 trial of intraven-
tricular immunochemotherapy in recurrent CNS lymphoma. Blood.
2013; 121(5): 745-751, doi: 10.1182/blood-2012-07-440974, inde-
xed in Pubmed: 23197589.

www.journals.viamedica.pl/acta_haematologica_polonica


http://dx.doi.org/10.3171/jns.2000.92.2.0261
https://www.ncbi.nlm.nih.gov/pubmed/10659013
http://dx.doi.org/10.1007/s10143-018-0946-0
http://dx.doi.org/10.1007/s10143-018-0946-0
https://www.ncbi.nlm.nih.gov/pubmed/29383600
http://dx.doi.org/10.3171/jns.1995.82.4.0558
https://www.ncbi.nlm.nih.gov/pubmed/7897514
http://dx.doi.org/10.1023/a:1008201717089
https://www.ncbi.nlm.nih.gov/pubmed/9137790
http://dx.doi.org/10.1002/1097-0142(197410)34:4%3c1293::aid-cncr2820340441%3e3.0.co;2-p
http://dx.doi.org/10.1002/1097-0142(197410)34:4%3c1293::aid-cncr2820340441%3e3.0.co;2-p
https://www.ncbi.nlm.nih.gov/pubmed/4607602
http://dx.doi.org/10.1212/wnl.40.1.80
https://www.ncbi.nlm.nih.gov/pubmed/2296388
http://dx.doi.org/10.1001/jama.2010.338
http://dx.doi.org/10.1001/jama.2010.338
https://www.ncbi.nlm.nih.gov/pubmed/20371784
https://www.ncbi.nlm.nih.gov/pubmed/16239888
http://dx.doi.org/10.1097/00000542-200612000-00007
http://dx.doi.org/10.1097/00000542-200612000-00007
https://www.ncbi.nlm.nih.gov/pubmed/17122570
http://dx.doi.org/10.1016/j.clineuro.2015.09.015
https://www.ncbi.nlm.nih.gov/pubmed/26432995
http://dx.doi.org/10.1097/00000542-200612000-00007
http://dx.doi.org/10.1097/00000542-200612000-00007
https://www.ncbi.nlm.nih.gov/pubmed/17122570
http://dx.doi.org/10.1007/s11060-016-2358-8
https://www.ncbi.nlm.nih.gov/pubmed/28116650
http://dx.doi.org/10.1016/s0360-3016(97)00571-3
https://www.ncbi.nlm.nih.gov/pubmed/9635710
http://dx.doi.org/10.1016/j.wneu.2018.01.033
https://www.ncbi.nlm.nih.gov/pubmed/29330078
http://dx.doi.org/10.1212/wnl.40.1.80
https://www.ncbi.nlm.nih.gov/pubmed/2296388
http://dx.doi.org/10.1159/000117261
https://www.ncbi.nlm.nih.gov/pubmed/%208814433
http://dx.doi.org/10.3109/10428199409049738
https://www.ncbi.nlm.nih.gov/pubmed/7873993
https://www.ncbi.nlm.nih.gov/pubmed/1394146
https://www.ncbi.nlm.nih.gov/pubmed/26339344
http://dx.doi.org/10.1023/a:1006254518848
https://www.ncbi.nlm.nih.gov/pubmed/10563429
http://dx.doi.org/10.1007/s11912-015-0483-8
http://dx.doi.org/10.1007/s11912-015-0483-8
https://www.ncbi.nlm.nih.gov/pubmed/26475775
http://dx.doi.org/10.1002/cncr.21583
https://www.ncbi.nlm.nih.gov/pubmed/16342251
http://dx.doi.org/10.1007/s00701-014-2290-7
http://dx.doi.org/10.1007/s00701-014-2290-7
https://www.ncbi.nlm.nih.gov/pubmed/25488176
http://dx.doi.org/10.1212/wnl.59.5.762
http://dx.doi.org/10.1212/wnl.59.5.762
https://www.ncbi.nlm.nih.gov/pubmed/12221174
http://dx.doi.org/10.1200/JCO.2003.04.056
https://www.ncbi.nlm.nih.gov/pubmed/14597744
http://dx.doi.org/10.1182/blood-2002-06-1636
https://www.ncbi.nlm.nih.gov/pubmed/12393404
http://dx.doi.org/10.1182/blood-2012-07-440974
https://www.ncbi.nlm.nih.gov/pubmed/23197589

