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Abstract This retrospective series explores temozolo-
mide monotherapy in elderly patients with primary CNS
lymphoma (PCNSL) and severe comorbidities. In 17
patients (62-90 years old), the complete response rate was
47%, median progression-free survival was 5 months, and
median overall survival was 21 months. Five of 17 patients
(29.4%) had prolonged responses for at least 12 months
and survived for more than 24 months. Three of these
patients had a methylated O°-methylguanine-DNA meth-
yltransferase (MGMT) promoter, while the MGMT status
was not assessable in the remaining two patients.
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Temozolomide monotherapy appears to be effective in a
subgroup of elderly PCNSL patients and deserves further
evaluation.
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Introduction

High-dose methotrexate (HD-MTX)-based chemotherapy
is the standard therapy for patients with primary CNS
lymphoma (PCNSL). This treatment can also be applied to
elderly patients without substantial toxicity as long as
organ functions, especially renal function, are adequate [1].
Some elderly patients, however, cannot receive HD-MTX
because of more markedly impaired renal function (crea-
tinin clearance < 50 ml/min) or other comorbidities. No
standard of care has been defined for this group of patients.
Whole brain radiotherapy (WBRT) may not be appropriate
because of the increased risk of late neurotoxicity in the
elderly and its overall limited efficacy with a median sur-
vival time of 12 months [2]. This warrants the search for
new chemotherapy regimens for these patients. The
alkylating agent temozolomide (TMZ) penetrates into the
brain well and has shown some efficacy in the second-line
therapy of PCNSL [3-5]; furthermore, it is likely to be
tolerated better than HD-MTX in patients with comorbid-
ities. Thus, TMZ may be a promising treatment for elderly
patients with PCNSL who cannot receive HD-MTX. As
O%-methylguanine-DNA methyltransferase (MGMT) gene
promoter methylation is highly predictive for survival in
TMZ-treated glioblastoma patients [6], we also determined
the MGMT promoter methylation status in the majority of
our patients.
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Patients and methods

We reviewed the charts of four German medical centers
to identify PCNSL patients treated with primary TMZ
chemotherapy, and analyzed toxicity, response to therapy
and survival parameters in these patients. The best
response to therapy was assessed in the absence of ste-
roids by contrast-enhanced MRI according to the criteria
established by Macdonald et al. [7]. Toxicity was graded
according to the World Health Organization
classification.

For the analysis of the MGMT promoter methylation
status, genomic DNA was extracted from formalin-fixed
paraffin-embedded tumor samples and subjected to
bisulfite conversion using the EZ DNA Methylation-Gold
Kit (HISS Diagnostics, Freiburg, Germany) or the
EpiTect Bisulfite Kit (Qiagen, Hilden, Germany). Bisul-
fite converted DNA was then analyzed by the authors
using methylation-specific PCR (MSP) [8] or direct
pyrosequencing [9] in all patients with a sufficient
amount of paraffin-embedded tumor tissue available
(for detailed descriptions of the methylation assays, see
[8, 9D).

Results

Seventeen patients with histologically proven PCNSL and
a median age of 75 years (range 62-90 years; Table 1)
who received first-line therapy with TMZ (100-200 mg/m>
on days 1-5 of a 28-day cycle) were identified. Two of the
17 patients have been previously reported [10]. HD-MTX
therapy was regarded inappropriate because of impaired
renal function (patients 3, 4, 6, 12 of Table 1), high age
(patients 5, 7, 9, 11, 13-17), problems with fluid and
electrolyte balance due to a syndrome of inadequate anti-
diuretic hormone secretion (SIADH; patient 1), extensive
edema (patient 2), severe cardiovascular disease (patient
10), or non-compliance due to oligophrenia (patient 8). The
median number of TMZ cycles applied was three (range 1—
8 cycles).

Two patients (12%) developed WHO high-grade he-
matoxicity: patient 3 had grade 4 leukopenia and throm-
bocytopenia with subsequent severe infection; patient 4
had grade 4 leukopenia and grade 3 thrombopenia. One
patient (no. 8) developed grade 1 skin erythema, which
might possibly be associated with TMZ therapy. One
patient (no. 15) had to discontinue treatment due to

Table 1 Patient characteristics, treatment outcome and MGMT promoter methylation status of patients with primary central nervous system

lymphoma treated with first-line temozolomide (TMZ)

Patient no.  Age at diagnosis ~ Dose (mg/m?/d), Response  PFS Further therapy oS MGMT
(years), gender No. of TMZ cycles®  to T™Z® (months)  at relapse (response) (months)  status

1 63, m 200, 8 cycles CR 72+ Still in CR T2+ +

2 75, f 200, 4 cycles CR 5 7 x TMZ (PR) and WBRT (CR) 21 NA

3 78, f 200, 1 cycle CR 21 1 x PCV (NA), WBRT (CR) 33 NA
4 72, f 150, 3 cycles PR 5 WBRT (CR) 21 +

5 72, f 200, 3 cycles PD 3 WBRT (NA) 8 -

6 71, f 200, 1 cycle PD 1 None 1 NA
7 90, f 100, 3 cycles CR 5 None 7 NA
8 62, m 200, 1 cycle CR 5 3 x TMZ (PD), PCV (NA) 9 —

9 88, f 100, 4 cycles PD 4 Rituximab (NA) 5+ NA
10 73, m 200, 2 cycles CR 24+ Still in CR 24+ +

11 82, f 150, 1 cycle PD 1 None 2 +

12 67, f 200, 2 cycles PD 3 WBRT (CR) 16+ —

13 81, m 150, 1 cycle PD 1 None 1 —

14 75, f 150, 1 cycle PD 1 None 2 +

15 74, m 150, 1 cycle CR 26+ Still in CR 26+ NA
16 85, m 150, 3 cycles PD 2 None 3 NA
17 80, f 200, 8 cycles CR 29+ Still in CR 29+ +

m male, f female, NA not assessable, PFS progression-free survival, OS overall survival, CR complete response, PR partial response, PD
progressive disease, TMZ temozolomide; PCV procarbazine, CCNU vincristine, WBRT whole brain radiotherapy (39.6-45 Gy), MGMT 0°-
methylguanine-DNA methyltransferase, + methylated MGMT promoter; — non-methylated MGMT promoter

# All patients received standard TMZ treatment (days 1 to 5 out of a 28-day cycle)

® All patients were off steroids at the time of response evaluation
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spondylodiscitis, and another patient (no. 5) had grade 2
colitis with an unclear causal association to TMZ therapy.
Eight patients (47%) had a complete response (CR), one
patient had a partial response (PR), and another eight
patients had progressive disease (PD) (Table 1). The
median progression-free survival (mPFS) was 5 months
(range 1-724+ months; Fig. la). Five of 17 patients
(29.4%) had prolonged responses for more than 12 months.
The median overall survival (mOS) was 21 months (range
1-724 months; Fig. 1b). The estimated 2-year survival
rate was 39.7%. Second- and third-line therapies are listed
in Table 1. In four patients (patients 2, 4, 5, and 12), pro-
gression-free survival (PFS) after second-line WBRT was
longer than PES after primary TMZ chemotherapy.
Tumor specimens of ten patients were available for
MGMT analysis. MGMT promoter methylation (mMGMT;
Table 1) in the tumor tissue was found in six patients,
while four patients had a non-methylated MGMT promoter
(nmMGMT). Overall survival was 214+ months in the
group of mMGMT patients, whereas mOS was 9 months in
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Fig. 1 Kaplan—Meier estimates are shown for a progression-free
survival (median, 5 months) and b overall survival (median,
21 months) in 17 elderly patients with primary central nervous
system lymphoma treated with first-line TMZ chemotherapy

the group of nmMGMT patients. Furthermore, mPFS was
5+ months in mMGMT patients and 3 months in
nmMGMT patients. Of note, three of the five patients
surviving for 24 months or more had a methylated MGMT
promoter, while MGMT was not assessable in two of these
patients.

Discussion

First-line chemotherapy with TMZ shows good tolerabil-
ity and some activity in elderly PCNSL patients. CR rate
(47%), mPFS (5 months) and mOS (21 months) compare
well to presumably more toxic regimens such as chemo-
therapy on a HD-MTX, lomustine and procarbazine base
(CR rate 42-47%, mPFS 5.9-6.8 months and mOS 14.3—
15.4 months) [11, 12]. Survival with TMZ monotherapy
is somewhat shorter than with a combination of HD-MTX
and TMZ (CR 55%, mPFS 8 months, mOS 35 months)
[13]. However, it is possible that selection bias negatively
impacted survival data in our study because many older
patients with severe comorbidities participated in the
study.

Similar to what has been shown for the combination of
HD-MTX/lomustine/procarbazine [12], our patient popu-
lation falls into two subgroups: (1) the larger group of
patients not responding at all to chemotherapy or rapidly
progressing after a very short period of response and (2) the
smaller group of patients deriving notable benefit from
chemotherapy with extended PFS and a high potential for
long-term survival (4 of 17 patients surviving relapse-free
for substantially more than 2 years). Our MGMT promoter
methylation data are compatible with the notion that sus-
tained response and prolonged survival are not possible in
the presence of a non-methylated MGMT promoter (PFS
1-3 months). Since none of the patients surviving more
than 24 months had a non-methylated MGMT promoter, it
may be speculated that a methylated MGMT promoter is a
necessary prerequisite for a sustained response. However, a
methylated MGMT promoter cannot be the only molecular
factor influencing response and survival since three of our
patients with a methylated MGMT promoter nevertheless
had a short PFS of less than 5 months. Certainly, our
limited MGMT data do not sufficiently substantiate this
hypothesis, which has to be further explored in trials that
apply alkylating agents to patients with PCNSL. Only
larger trials will then allow statistical comparison of sur-
vival parameters between mMGMT and nmMGMT
patients. Of note, salvage WBRT was an effective therapy
in four of five patients.

The treatment of elderly patients with PCNSL remains a
challenge. According to our preliminary data, TMZ therapy
may be an option for some of these patients. The efficacy
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of TMZ therapy and a potentially predictive power of the
MGMT promotor status have to be further explored in
larger prospective trials that should also include quality of
life assessments.

References

1. Jahnke K, Korfel A, Martus P, Weller M, Herrlinger U, Schmittel
A, Fischer L, Thiel E, German Primary Central Nervous System
Lymphoma Study Group (G-PCNSL-SG) (2005) High-dose
methotrexate toxicity in elderly patients with primary central
nervous system lymphoma. Ann Oncol 16:445-449

2. Nelson DF, Martz KL, Bonner H, Nelson JS, Newall J, Kerman
HD, Thomson JW, Murray KJ (1992) Non-Hodgkin’s lymphoma
of the brain: can high dose, large volume radiation therapy
improve survival? Report on a prospective trial by the Radiation
Therapy Oncology Group (RTOG): RTOG 8315. Int J Radiat
Oncol Biol Phys 23:9-17

3. Reni M, Mason W, Zaja F, Perry J, Franceschi E, Bernardi D,
Dell’Oro S, Stelitano C, Candela M, Abbadessa A, Pace A,
Bordonaro R, Latte G, Villa E, Ferreri AJ (2004) Salvage che-
motherapy with temozolomide in primary CNS lymphomas:
preliminary results of a phase II trial. Eur J Cancer 40:1682-1688

4. Wong ET (2005) Salvage therapy for primary CNS lymphoma with
a combination of rituximab and temozolomide. Neurology 64:934

5. Enting RH, Demopoulos A, DeAngelis LM, Abrey LE (2004)
Salvage therapy for primary CNS lymphoma with a combination
of rituximab and temozolomide. Neurology 63:901-903

6. Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N,
Weller M, Kros JM, Hainfellner JA, Mason W, Mariani L,
Bromberg JE, Hau P, Mirimanoff RO, Cairncross JG, Janzer RC,

@ Springer

10.

11.

12.

13.

Stupp R (2005) MGMT gene silencing and benefit from tem-
ozolomide in glioblastoma. N Engl J Med 352:997-1003

. Macdonald DR, Cascino TL, Schold SC Jr, Cairncross JG (1990)

Response criteria for phase II studies of supratentorial malignant
glioma. J Clin Oncol 8:1277-1280

. Mollemann M, Wolter M, Felsberg J, Collins VP, Reifenberger G

(2005) Frequent promoter hypermethylation and low expression
of the MGMT gene in oligodendroglial tumors. Int J Cancer
113:379-385

. Mikeska T, Bock C, El-Maarri O, Hiibner A, Ehrentraut D,

Schramm J, Felsberg J, Kahl P, Biittner R, Pietsch T, Waha A
(2007) Optimization of quantitative MGMT promoter methyla-
tion analysis using pyrosequencing and combined bisulfite
restriction analysis. J Mol Diagn 9:368-381

Herrlinger U, Kiiker W, Platten M, Dichgans J, Weller M (2002)
First-line therapy with temozolomide induces regression of pri-
mary CNS lymphoma. Neurology 58:1573-1574

Hoang-Xuan K, Taillandier L, Chinot O, Soubeyran P, Bogdhan
U, Hildebrand J, Frenay M, De Beule N, Delattre JY, Baron B,
European Organization for Research, Treatment of Cancer Brain
Tumor Group (2003) Chemotherapy alone as initial treatment for
primary CNS lymphoma in patients older than 60 years: a mul-
ticenter phase II study (26952) of the European Organization for
Research and Treatment of Cancer Brain Tumor Group. J Clin
Oncol 21:2726-2731

Illerhaus G, Marks R, Miiller F, Ihorst G, Feuerhake F, Deckert
M, Ostertag C, Finke J (2009) High-dose methotrexate combined
with procarbazine and CCNU for primary CNS lymphoma in the
elderly: results of a prospective pilot and phase II study. Ann
Oncol 20:319-325

Omuro AM, Taillandier L, Chinot O, Carnin C, Barrie M, Hoang-
Xuan K (2007) Temozolomide and methotrexate for primary
central nervous system lymphoma in the elderly. J Neurooncol
85:207-211



	Primary CNS lymphoma in the elderly: temozolomide therapy and MGMT status
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


