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Abstract
Background. Our aim was to review MRI characteristics of patients with primary CNS lymphoma (PCNSL) enrolled 
in a randomized phase II trial and to evaluate their potential prognostic value and patterns of relapse, including T2 
fluid attenuated inversion recovery (FLAIR) MRI abnormalities.
Methods. Neuroimaging findings in 85 patients with PCNSL enrolled in a prospective trial were reviewed blinded 
to outcomes. MRI characteristics and responses according to International PCNSL Collaborative Group (IPCG) cri-
teria were correlated with progression-free survival (PFS) and overall survival (OS).
Results. Multivariate analysis showed that objective response at 2  months (P < .001) and at end of treatment 
(P = .015) were predictors of prolonged OS. Infratentorial location (P = .008) and large (>11.4 cm3) enhancing tumor 
volume (P = .006) were associated with poor OS and PFS, respectively. Ratio of change in product of largest diam-
eters at early MRI evaluation but not timing of complete response achievement (early vs delayed) was prognostic 
for OS. Sixty-nine patients relapsed. Relapse in the brain (n = 52) involved an initial enhancing site, a different site, 
or both in 46%, 40%, and 14% of patients, respectively. At baseline, non-enhancing T2-FLAIR hypersignal lesions 
distant from the enhancing tumor site were detected in 18 patients. These lesions markedly decreased (>50%) in 
16 patients after chemotherapy, supporting their neoplastic nature. Of these patients, 10/18 relapsed, half (n = 5) in 
the initially non-enhancing T2-FLAIR lesions.
Conclusions. Baseline tumor size and infratentorial localization are of prognostic value in PCNSL. Our findings pro-
vide evidence that non-enhancing FLAIR abnormalities may add to overall tumor burden, suggesting that response 
criteria should be refined to incorporate evaluation of T2-weighted/FLAIR sequences.

Patterns of response and relapse in primary CNS 
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Importance of the study

This study suggests that baseline imaging charac-
teristics such as initial tumor size and infratentorial 
involvement are of prognostic value in primary CNS 
lymphoma. Radiographic response as determined by 
IPCG response criteria is also a valuable predictor of 
patient survival. However, the study provides evidence 
that T2-FLAIR hyperintense lesions without contrast 

enhancement may constitute additional foci of disease 
that require attentive follow-up, potentially constitut-
ing eventual sites of disease relapse. Response crite-
ria could be further refined by inclusion of T2-FLAIR 
sequence assessments in order to improve baseline 
disease assessment, response evaluation, and pro-
gression determination.

Key words

magnetic resonance imaging | primary CNS lymphoma | prognostic  
factor | response criteria | T2-weighted/FLAIR sequences

Primary central nervous system lymphoma (PCNSL) 
is a rare subtype of malignant extranodal diffuse large 
B-cell lymphoma (DLBCL) confined to the CNS. High-
dose methotrexate (hd MTX)–based chemotherapy is the 
standard initial treatment for PCNSL. However, consoli-
dation with whole-brain radiotherapy is controversial, 
particularly in elderly patients who are at high risk for 
severe neurotoxicity.1 Despite the high rate of response 
to chemotherapy, relapse occurs in a majority of patients 
after several months or years, leading to a poor overall 
outcome. Neuroimaging of PCNSL shows typical intense 
and homogeneously enhancing mass lesions that are 
likely located deep in periventricular areas.2–5 However, 
the impact of baseline neuroimaging characteristics on 
patient outcome is unclear. The most commonly used 
response criteria are those published by the International 
PCNSL Collaborative Group (IPCG), which combines 
MRI findings, eye examination, cerebrospinal fluid (CSF) 
analysis, and steroid dose.6 Of note, MRI response cri-
teria rely on contrast enhancement measure changes 
and does not take into consideration non-enhancing 
lesions typically visualized on T2 fluid attenuated inver-
sion recovery (FLAIR) MRI. Finally, neuroimaging fea-
tures at relapse are poorly documented.7 Recently, we 
completed a phase II trial evaluating 2 hd MTX–based 
polychemotherapy regimens in the absence of radio-
therapy in elderly patients with PCNSL.8 Our objective 
was to review MRI characteristics of patients with PCNSL 
enrolled in this trial and to evaluate their potential prog-
nostic value and patterns of relapse, including T2-FLAIR 
MRI abnormalities.

Methods

Study Design

The present study is a post-hoc analysis of patients 
enrolled in an open-label, randomized, phase II trial con-
ducted by the intergroup of the Association des Neuro-
Oncologue d’Expression Française (ANOCEF) and the 

Groupe Ouest-Est d’Etude des Leucémies et Autres 
Maladies du Sang (GOELAMS). Study design, inclusion 
criteria, patient characteristics, procedures, treatment, effi-
cacy, and safety results have been published previously.8 
In brief, this phase II trial evaluated 2 MTX-based regimens 
in the absence of brain radiotherapy in immunocompetent 
patients aged >60 years and with a Karnofsky performance 
status of >40%. Patients were randomized to 2 groups: 
one group received a combination of hd MTX, vincristine, 
procarbazine, and cytarabine (MPV-A) and the other group 
received hd MTX and temozolomide (MT). The study used 
a noncomparative randomized phase II design, with a total 
of 47 patients enrolled in the MPV-A group and 48 in the 
MT group. The study was approved by the institutional 
review board of the Pitie-Salpetriere Hospital and the 
French Agency for the Safety of Health Products and was 
conducted according to the Declaration of Helsinki and 
Good Clinical Practice (ClinicalTrials.gov: NCT00503594). 
All patients or their guardians provided written informed 
consent.

Neuroimaging Evaluation

Only patients followed with MRI were included in this 
study; patients exclusively followed with CT scans were 
excluded. MRI evaluation was performed at baseline, 
before histological diagnosis and initiation of corticoster-
oid treatment, after administration of 2 treatment cycles (2 
mo), after completion of chemotherapy (4 mo), and every 
2 months until progression. The MRI parameters included 
at least T1, T1 with gadolinium injection, and T2 or FLAIR 
sequences. Clinical examinations were systematically 
performed at the same time. All MRIs were reviewed by 2 
neuro-oncologists blinded to individual patient outcomes 
(E.T. and C.H.).

At baseline and at all evaluation time points until 
relapse, the following characteristics were recorded: num-
ber, anatomical site, and measures (largest diameter, 
product of largest perpendicular diameters, and volume 
[calculated based on ellipsoid volume formula]) of enhanc-
ing and non-enhancing T2-FLAIR lesions. Distinct lobes 
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and lateralization were based on the Talairach atlas; deep 
lesions were defined according to Ferreri et al9 as periven-
tricular regions, basal ganglia, brainstem, and/or cerebel-
lum. Infratentorial localization was defined as lesions in 
the brainstem and/or the cerebellum. The response rates 
were analyzed using the IPCG criteria.6 These response 
criteria define complete response (CR) as complete disap-
pearance of contrast enhancement on MRI, no evidence 
of ocular lymphoma, negative CSF cytology, and discon-
tinuation of corticosteroid use for at least 2 weeks prior to 
the evaluation of response. Unconfirmed CR (Cru) is used 
to characterize radiographic findings that fulfill criteria for 
a CR, but the patient remains on corticosteroids, or MRI 
that continues to show small but persistent enhancing 
abnormalities possibly related to biopsy or surgery. Partial 
response (PR) is defined as a 50% decrease in enhancing 
tumor or residual disease on eye examinations, or per-
sistent or suspicious CSF cytology. Progressive disease 
(PD) is defined as 25% increase in the enhancing lesion, 
appearance of any new CNS or non-CNS site of disease, 
recurrent or new ocular disease, or recurrent or positive 
CSF cytology. Any other situation is characterized as sta-
ble disease (SD).

Statistical Analysis

Survival times were calculated from the date of randomi-
zation for analyses of the prognostic impact of baseline 
MRI characteristics, and from the date of the first MRI (at 
2 mo) and the second MRI (at the end of treatment) for 
corresponding landmark analyses. For analysis of relapse 
characteristics, survival was calculated from the date of 
first relapse. Survival was analyzed with Kaplan–Meier 
and log-rank test methodology. Cox proportional hazards 
models were used for performing multivariate analyses 
and for estimating hazard ratios in survival regression 
models. Multivariate analyses included the variables that 
had a significant prognostic value in the clinical trial: KPS 
and Mini-Mental State (MMS) scores.8 Comparisons of cat-
egorical variable distribution were performed using the 
χ2 or Fisher’s exact test. Comparisons of continuous vari-
able distribution were performed using the nonparametric 
Mann–Whitney U test and receiver operating character-
istic (ROC) curve analysis. Initial and relapse continuous 
characteristics were compared using the paired t-test. 
Correlations were analyzed using the Spearman test. All 
reported P-values are 2-sided, and P < .05 was considered 
statistically significant. All statistical analyses were per-
formed using PASW statistics v21.

Results

Patient Characteristics

A total of 85 out of 95 patients enrolled in the trial were 
included in this neuroimaging study. Excluded were 7 
patients followed with CT scan and 3 patients with missing 
baseline MRI. Relevant patient characteristics are summa-
rized in Table S1.

Baseline MRI Characteristics and Their 
Prognostic Impact

Baseline MRI characteristics are summarized in Table  1. 
Overall, our series was similar to previous studies, with a 
majority of patients showing deeply located homogeneous 
contrast-enhancing mass lesions. In total, 55% of patients 
showed a single enhancing lesion. Infratentorial location 
was observed in 18% of patients. Multivariate analysis, 
including KPS and MMS, showed poor progression-free 
survival (PFS) for patients with a large (>11.4 cm3) initial T1 
enhancing volume (P = .006, hazard ratio [HR] = 2.176) and 
large initial FLAIR diameter (>40 mm) (P = .033, HR = 1.834) 
(Table  2). Multivariate analysis showed shorter over-
all survival (OS) for patients with infratentorial enhanc-
ing lesion(s) (P =  .008, HR =2.693) and large initial FLAIR 
diameter (P = .006, HR =2.381; Fig. 1 and Fig. S1). The num-
ber of enhancing lesions, meningeal involvement, and 
supratentorial deep locations did not correlate with patient 
outcome.

Objective Response and Survival Impact

Best objective responses (ORs) based on the IPCG criteria 
were as follows: CR: 56%, CRu: 4%, PR: 18%, SD: 7%, and 
PD: 15%. The median time from diagnosis to the achieve-
ment of CR was 81 days (range, 22–538). ORs at the first 
MRI were as follows: CR: 30%, PR: 43%, SD: 10%, and PD: 
17%. At 4  months, ORs of patients were CR: 51%, CRu: 
4%, PR: 20%, and PD: 25%. Among patients showing PR at 
the first MRI evaluation (N = 30), 13 (43%) achieved CR, 10 
(33%) achieved PR, and 7 (24%) progressed at the end of 
the treatment. Similarly, among patients with a stable dis-
ease at the first MRI evaluation (N = 7), 5 (72%) progressed 
and 2 (28%) showed PR at the end of the treatment. 
Among patients showing CR at the end of the treatment, 
22 (69%) relapsed at a median time of 19.4 months (95% 
CI: 6.5–32.4). Among patients who showed PR at the end 
of the treatment (N = 12), 50% showed PFS of >12 months, 
although they did not undergo further treatment after the 
completion of the protocol. Both OR at the first MRI (2 mo) 
and at the end of the treatment (4 mo) were correlated with 
OS (P < .001 for both). Notably, early (at the first MRI evalu-
ation) versus delayed achievement of CR did not affect sur-
vival (PFS: P = .701; OS: P = .493).

The product of perpendicular diameters seemed to 
be more discriminative at the first MRI (HR: 1.970, 95% 
CI: 1.401–2.769) and MRI at the end of the treatment (HR: 
2.012, 95% CI: 1.144–3.540) than the larger diameter alone 
(HR = 1.750, 95% CI: 1.249–2.453 and HR = 1.599, 95% CI: 
0.967–2.644, respectively) (Fig. S2).

Continuous analysis of percentage decrease in T1 
enhancement (product of perpendicular diameter) 
between the baseline and the first MRI evaluations (ie, the 
ratio of change in product of largest diameters) indicated 
a correlation with OS according to Cox analysis (P = .052). 
Moreover, it was associated with prolonged OS (cutoff: 
median) according to ROC analysis (P = .031, area under 
the curve: 0.665), which identified the best discriminative 
cutoff of a decrease of 88.5% and was associated with the 
response at the end of the treatment (P < .001).
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Relapse

At the time of analysis, 69 patients had progressed or 
relapsed. Brain MRI at the time of recurrence was avail-
able for 52 patients. Relapse in the brain involved the ini-
tial enhancing site, a site at distance, or both in 21 (46%), 
18 (40%), and 6 (14%) patients, respectively. In 7 patients, 

there was no brain involvement at time of recurrence, 
with disease restricted to the eyes (n = 6) or lymph node 
(n  =  1). The relapse characteristics did not differ from 
those observed in the initial MRI in terms of topography, 
T1 volume, and number of lesions (Table 1). At relapse, 
large enhancing T1 and FLAIR volumes were associated 
with poor outcome (P = .001 and P < .001, respectively).

Table 1 Initial and recurrent MRI characteristics

Neuroimaging Characteristics Baseline Relapse Initial- 
Recurrence 
Comparison

N % N % P

T1 without enhancement

 Hypointensity 46 73.0

 Normointensity 13 20.6

 Hyperintensity 4 6.4

Number of lesion(s) (range) 1 (1–7) 1 (1–6) .534

 Single 44 55.7 24 53.3

 2 9 24.1 11 24.4

 3 of more 13 20.2 10 22.3

Lateralization .868

 Right 26 32.9 11 24.4

 Left 12 15.2 9 20

 Bilateral 35 44.3 23 51.1

 Median 6 7.6 2 4.4

Location .692

 Non-deep (superficial) 11 13.9 34 75.6

  Deep (corpus callosum, basal ganglia,  
brainstem and/or cerebellum)

56 70.9 4 8.9

 Both 12 15.2 7 15.6

Infratentorial lesions (brainstem and/or cerebellum) 14 17.7

Median T1 diameter, cm, median (range) 4 (0–16.4) 4.9 (1–16.5) .951

Median T1 product, cm2, median (range) 10.06 (0–39.19) 10 (0.8–49.14) .128

Median T1 volume, cm3, median (range) 11.4 (0–96.2) 8.0 
(0.2–123.5)

.137

Enhancement type .247

 Homogeneous 65 87.8 36 80

 Heterogeneous 9 12.2 9 20

Meningeal enhancement 18 23.4 13 29.5 .382

 Local 11 61.1 7 53.8

 Diffuse 7 38.9 6 46.2

“Distant” FLAIR 18 23.7

Median FLAIR Diameter, mm, median (range) 83.5 (20–290) 90 (10-10-237) .266

Median FLAIR product, mm2, median (range) 4605 (320–12700) 3853.5 
(100–10125)

.021

Median FLAIR Volume, cm3, median (range) 94.8 (2.7–447.7) 45.5 (0.4–300.4) .015

FLAIR type of enhancing lesion .649

 Hypointensity 14 19.2 8 19.0

 Normointensity 23 31.5 10 23.8

 Hyperintensity 36 49.3 24 57.1
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Table 2 Prognostic impact of MRI characteristics at baseline, HR (95% CI)

PFS OS

Univariate Multivariate* Univariate Multivariate*

Factors P HR P HR P HR P HR

T1 without enhancement (hypo vs normo vs 
hyper-intensity)

.072 .372

Number of lesion(s) (single vs multiple) .356 .238

Deep vs non-deep lesion .254 .158

Median T1 diameter (cutoff: median) .112 .079 .458

Median T1 product (cutoff: median) .233 .799

Median T1 volume (cutoff: median) .014 1.877
(1.124–3.133)

.006 2.176
(1.245–3.803)

.080 .058

Meningeal enhancement .378 .933

“Distant” FLAIR infiltration .093 .051 .468

Median FLAIR diameter (cutoff: median) .086 .033 1.834
(1.051–3.200)

.037 1.799
(1..029-3.145)

.008 2.381
(1.254–4.523)

Median FLAIR product (cutoff: median) .417 .117 .076

Median FLAIR volume (cutoff: median) .443 .235

FLAIR intensity (hypo vs normo vs 
hyper-intensity)

.046 0.493
(0.319–0.763)

0.349 .435

Infratentorial involvement vs only supratentorial 
lesions

.249 .043 1.931
(1.008–3.698)

.008 2.693
(1.299–5.582)

*adjusted by the KPS and the MMS

Fig. 1 Progression-free survival and OS according to the T1 enhancement volume and posterior fossa involvement.
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Non-enhancing T2-FLAIR Hypersignal Lesions

At baseline, non-enhancing T2-FLAIR hypersignal lesions 
(>10 mm) at a distance from the enhancing tumor site were 
detected in 18 patients (23%). Of these, 16 (89%) showed 
a marked decrease of the non-enhancing lesions (>50%) 
after chemotherapy, in favor of their neoplastic nature 
(Fig. 2). Among these 18 patients, 10 relapsed, half of them 
(n= 5) in the initially non-enhancing T2-FLAIR lesions.

Discussion

Data on MRI characteristics in the assessment of PCNSL 
patients treated with standardized polychemotherapy in 
prospective trials are scant.7 Among the initial radiological 
findings, which are in accordance with those reported previ-
ously,2–5,10 we observed that baseline tumor size (diameter 
and volume) and infratentorial involvement are of prognos-
tic value. While initial maximum tumor size (bulk) has been 
reported as an independent adverse prognostic factor in 
patients with systemic DLBCL,11 to our knowledge our report 
is the first documentation of a relationship between a radio-
graphic measure of tumor burden and prognosis in PCNSL. 
Recent PET scan studies in patients with systemic DLBCL 
suggested a better prognostic value of metabolic tumor vol-
ume than that of standardized uptake value, further empha-
sizing the value of baseline tumor burden evaluations.12,13 
Although deep locations have been described as associ-
ated with poor outcome in several publications, including 
the scoring system published by Ferreri et al,9,14,15 infraten-
torial location has never been specifically evaluated. In the 
present study, deep location was not a prognostic factor, 
whereas infratentorial involvement independently predicted 
survival. Of note, this absence of prognostic impact of deep 
locations was in line with the Memorial Sloan-Kettering 
Cancer Center prognostic model,16 where no neuroradio-
logical characteristics were prognostic.

With respect to the prognostic impact of the IPCG 
response criteria, we observed a significant correlation 
between OR to chemotherapy and outcome and con-
firmed that the product of diameters, as utilized in the 
IPCG criteria, is a superior assessment tool compared 

with largest diameter, as used in other response criteria 
such as RECIST (Response Evaluation Criteria In Solid 
Tumors). Although we observed a better prognostic out-
come in patients showing high percentage decrease in 
T1 enhancement in the first MRI, we did not observe any 
difference in prognosis between patients showing early 
CR at 2 months versus those showing delayed CR at the 
termination of the treatment, suggesting that the kinet-
ics of treatment response were not relevant. This result 
differs from that of a study by Pels et al,17 which showed 
that patients showing delayed CR had a poor outcome. 
However, marked differences between the 2 studies may 
explain this discordance, including the chemotherapy 
regimen, which was more intensive in the Pels study, and 
the target population, younger in that study compared 
with ours. Otherwise, our results do suggest that stable 
disease at the first MRI evaluation may constitute an early 
sign of treatment failure. We also observed varying out-
comes in the small group of patients showing persistent 
PR at the end of treatment. Some patients relapsed shortly 
afterward, while others (50%) achieved prolonged disease 
control, underlining the difficulty in assessing disease 
remission. Among other tools potentially useful to better 
define CR to treatment, 2-fluoro-2-deoxy-d-glucose PET 
has been recently incorporated in systemic non-Hodgkin 
lymphoma response criteria.18 However, metabolic imag-
ing of brain disease is limited by the high basal brain glu-
cose metabolism, highlighting a need for the development 
of new tracers for PCNSL. CSF concentrations of interleu-
kin-10 have been proposed as another potential biomarker 
to aid in the radiographic assessment of residual disease 
in PCNSL.19

At recurrence, we observed that >50% of patients 
relapsed at a distance from the initial tumor site. This 
result is in line with the preliminary results of Schulte-
Altedorneburg et al, 7 who evaluated the pattern of recur-
rence in 16 patients with PCNSL and showed that 12 
patients relapsed at distance. Taken together, these results 
support the use of therapies that can cross the blood–brain 
barrier to widely reach all areas infiltrated by PCNSL, and 
argue against the use of therapies that increase focal con-
trol on enhancing areas, such as focal radiotherapy, tumor 
bed boost, and surgical resection.

Fig. 2 Distant FLAIR involvement without T1 post-gadolinium enhancement. (A) Initial T1-weighted image with gadolinium injection. (B) Initial 
FLAIR image with non-enhancing lesions. (C) FLAIR image evaluation at the end of the treatment; marked response of the initial FLAIR lesions.
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Finally, we observed MRI baseline non-enhancing 
T2-FLAIR weighted hypersignal lesions at a distance from 
the enhancing lesion(s) in 23% of patients. Although small 
and scattered T2-FLAIR hypersignal lesions are common 
in elderly patients, presence of larger lesions that reduce 
after chemotherapy strongly support their neoplastic 
nature. Despite their relatively high frequency, T2-FLAIR 
hypersignal lesions have been described in rare non-
enhancing presentations of PCNSL,20,21 including a diffuse 
form presenting as leukoencephalopathy termed “lym-
phomatosis cerebri.”3,21 However, non-enhancing lesions 
are not taken into account in the current IPCG response 
criteria. Moreover, these T2-weighted/FLAIR locations 
could constitute distinct sites of relapse, and lymphoma 
relapse could occur without any contrast enhancement, 
as reported in autopsy cases, suggesting the monitor-
ing of T2-weighted/FLAIR sequences.22 Distinguishing 
non-enhancing lymphomatous infiltration from vascular 
leukoencephalopathy and MTX-related leukoencepha-
lopathy is challenging, particularly in elderly patients. In 
this setting, MRI spectroscopy23 and PET scan24 should be 
investigated as complementary tools.

Conclusion

The present study suggests that baseline tumor size and 
infratentorial localization are prognostic factors in patients 
with PCNSL. It provides prospective validation of IPCG 
radiographic response criteria, to be favored over RECIST 
as relevant predictors of outcome in this disease. However, 
our findings indicate that a substantial rate of PCNSL dis-
play non-contrast enhancing lesions, suggesting that 
assessment of T2-weighted/FLAIR sequences is of impor-
tance and should be incorporated in refined criteria defin-
ing response and progression in PCNSL. Further validation 
of these results in an independent population, preferably 
including patients of all ages, is warranted.
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Supplementary material is available online at Neuro-
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