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Abstract
Background.  In primary central nervous system lymphoma (PCNSL), small enhancing lesions can persist after 
treatment. It is unknown whether a difference in response category (complete response [CR], complete response 
unconfirmed [CRu], or partial response [PR]) reflects survival. We aimed to determine the value of a central radi-
ology review on response assessment and whether the extent of response influenced progression-free and/or 
overall survival.
Methods.  All patients in the HOVON 105/ALLG NHL 24 study with at least a baseline MRI and one MRI made for 
response evaluation available for central review were included. Tumor measurements were done by 2 independent 
central reviewers, disagreements were adjudicated by a third reviewer. Crude agreement and interobserver 
agreement (Cohen's kappa) were calculated. Differences in progression-free and overall survival between dif-
ferent categories of response at the end-of-protocol-treatment were assessed by the log-rank test in a landmark 
survival-analysis.
Results.  Agreement between the central reviewers was 61.7% and between local and central response assessment 
was 63.0%. Cohen's kappa's, which corrects for expected agreement, were 0.44 and 0.46 (moderate), respectively. 
Progression agreement or not was 93.3% (kappa 0.87) between local and central response assessment. There were 
no significant differences in progression-free and overall survival between patients with CR, CRu, or PR at the end-
of-protocol-treatment, according to both local and central response assessment.

Extent of radiological response does not reflect survival 
in primary central nervous system lymphoma
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Conclusions.  Reliability of response assessment (CR/CRu/PR) is moderate even by central radiology review 
and these response categories do not reliably predict survival. Therefore, primary outcome in PCNSL studies 
should be survival rather than CR or CR/CRu-rate.

Key Points

•	 Reliability of response assessment is moderate in PCNSL.

•	 The extent of response at the end-of-treatment does not reflect survival.

•	 Progression-free survival and overall survival are more reliable endpoints than 
complete response rate.

Primary central nervous system lymphoma (PCNSL) is a 
rare non-Hodgkin lymphoma confined to the brain, lepto-
meninges, spinal cord, and eyes without manifestations 
outside the central nervous system. For response assess-
ment in PCNSL the criteria from the International Primary 
CNS Lymphoma Collaborative Group (IPCG), are commonly 
used.1 These response criteria are based on radiological, 
ophthalmologic, and spinal fluid cytology examination, and 
the use of corticosteroids. The MRI response evaluation de-
fines the following categories: complete response (CR): no 
signs of abnormal gadolinium-based contrast agent en-
hancement, complete response unconfirmed (CRu): a small 
but persistent contrast enhancement abnormality likely 
related to biopsy or focal hemorrhage, partial response 
(PR): a reduction of ≥50% of the contrast-enhancing lesion, 
stable disease (SD): <50% reduction and ≤25% increase of 
the contrast-enhancing lesion, progressive disease (PD): 
>25% increase in contrast-enhancing lesion, relapse: a new 
contrast-enhancing lesion after prior CR or CRu.1 These re-
sponse criteria do not take nonenhancing lesions into ac-
count. Recent findings and earlier reports suggest that these 
lesions might, however, be considered as tumor as well.2,3

The correlation of radiological response with survival 
endpoints (progression-free survival [PFS] and overall sur-
vival [OS]) is uncertain: one study showed that patients 

with a CR at the end of induction chemotherapy had 
a better OS than those who did not reach CR, but in this 
study PR, SD, and progression were combined.4 In another 
study highly variable outcomes were found in patients 
with PR at the end-of-treatment,2 and a third study did not 
show a survival difference between those who attained 
CR compared to those who did not reach CR at the end of 
induction treatment.5 Thus, it is questionable whether in 
PCNSL the extent of radiological response is relevant for 
predicting OS, the golden endpoint in oncology studies. It 
is also unclear whether interobserver variation exists in as-
sessing response in PCNSL, which if present, will affect the 
reliability of that endpoint.

In the HOVON 105/ALLG NHL 24 trial, the primary end-
point was event-free survival (EFS). Events were defined as 
“not reaching complete response” or “complete response 
unconfirmed at the end-of-treatment,” or “progression 
or death after response.” 6 Because event-free survival in-
cludes a radiological evaluation as endpoint (ie, achieving 
CR or CRu), based on local assessment, central MRI review 
is important for the trial analysis. The aim of the present 
study was to review the local assessment by central radi-
ology review and to assess whether CR, CRu, and PR re-
flect PFS and OS. In addition, we evaluated the relevance 
of nonenhancing lesions at baseline and after treatment.

Importance of the Study

In primary central nervous system lymphoma 
(PCNSL), small enhancing lesions can persist 
after treatment. It is unknown whether a dif-
ference in response category reflects survival. 
We calculated the interobserver agreement 
between 2 central reviewers and between 
local and central review. Then, in a landmark-
analysis, we compared progression-free (PFS) 
and overall survival (OS) between patients 
with different responses at end-of-protocol-
treatment. Interobserver agreement was excel-
lent (kappa 0.87) in defining progression versus 
no progression. Interobserver agreement for 

each response category was moderate (kappa 
0.46) and similar for local and central response 
assessment. The added value of central ra-
diology review in clinical studies on PCNSL 
therefore seems limited. Furthermore, no sig-
nificant differences were found in PFS and OS 
between patients categorized as complete re-
sponse, complete response unconfirmed, or 
partial response. This suggests that radiolog-
ical response is not an adequate surrogate end-
point for survival in PCNSL, and studies should 
have survival as the primary endpoint.
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Methods

Patient Selection

The HOVON 105/ALLG NHL 24 study is a phase III ran-
domized controlled trial, in which between 2010 and 2016 
199 patients were recruited from Dutch, Australian, and 
New Zealand hospitals. The treatment protocol and pri-
mary outcome results have been published before.6 In 
short, immunocompetent patients with a newly diag-
nosed, CD20 positive B-cell PCNSL aged 18–70  years 
with WHO/ECOG performance status 0–3 were included. 
Patients were randomized for 2 courses of high-dose 
methotrexate (HD-MTX)-based chemotherapy: meth-
otrexate, teniposide, BCNU, and prednisolone (MBVP) 
versus MBVP with rituximab (R-MBVP). This was fol-
lowed by HD-cytarabine (Ara-C) chemotherapy. Patients 
≤60  years-old only subsequently received 30Gy whole-
brain radiotherapy (WBRT). A simultaneous focal boost 
of 10Gy was given to the original enhancing tumor in pa-
tients who only achieved PR.

Patients were included for the central MRI review if they 
gave informed consent for central radiology review, and if 
a baseline MRI as well as at least one follow-up MRI was 
available for central review. Additionally, a measurable 
brain lesion had to be present at baseline in order to be able 
to assess response. Patients were excluded if only a CT was 
available at baseline and/or if only CTs were used for eval-
uation at subsequent time points. The baseline MRI had to 
have been made within 21 days before initiation of protocol 
treatment. Those patients with a progressive disease or a 
relapse outside the brain parenchyma were excluded from 
the time of progression and for the landmark analysis.

The study was approved by the ethics committee of all 
participating centers. All participants signed informed con-
sent for the randomized controlled trial and separately for 
the central radiology review.

Radiological Follow-up

According to protocol, MRI evaluations were performed 
before the initiation of chemotherapy (baseline), after 
the second (R-)MBVP course, after Ara-C, and after 
WBRT, if applicable. Follow-up MRIs were made every 
3 months in the first 2 years after treatment, followed by 
every 6 months up to 5 years after treatment and yearly 
thereafter.

At least the following MRI sequences were performed: an 
axial T1 weighted scan before and after gadolinium-based 
contrast agent administration, and an axial T2 weighted 
and/or fluid-attenuated inversion recovery (FLAIR) scan. If 
locally possible additional sagittal or coronal T1 weighted 
scans with gadolinium-based contrast agent administra-
tion were also performed or reconstructed. All MR images 
were acquired on a 1.5 or 3.0 Tesla scanner.

Central Radiology Review

Scans made at baseline and after each treatment compo-
nent was centrally reviewed to evaluate response of the 

tumor to treatment. In case of relapse or progression, the 
brain MRI on which this was diagnosed according to the 
local physician, as well as the last MRI made before pro-
gression were also centrally reviewed, to verify progres-
sion and to make sure true progression had not occurred 
earlier than locally ascertained. Scans made in follow-up 
were not reviewed if response was not changed according 
to the local evaluation. PD was defined as relapse or pro-
gression at any site (brain, spinal cord, cerebrospinal fluid, 
or eyes). In case progression was located outside the brain 
parenchyma, the brain MRI was not included in the central 
radiology review.

At the end of the study, all MR images were submitted 
for review on DVD or CD and stored on a secured central 
server. Except for the baseline scan, locally assessed re-
sponse rates were collected for all MRIs performed for this 
study. Local physicians were not blinded for treatment arm 
and/or other clinical information.

Central evaluation of response was performed retro-
spectively, in parallel by 2 reviewers (M.M.  and A.A.P.). 
In case of disagreement on the response between these 
reviewers, an adjudicator (M.S.) finalized the central re-
sponse category. The central reviewers and the adjudicator 
were blinded for study-arm and clinical information.

Single evaluations were excluded if (1) both central re-
viewers considered an MRI not assessable, (2) no MRI 
with gadolinium-based contrast agent administration was 
made, or (3) the MRI was made outside ±3 weeks around 
the planned evaluation moment during the treatment 
period.

MRI Tumor Measurement

For all enhancing lesions, the largest diameters on the 
axial post-gadolinium-based contrast agent T1 weighted 
images were measured as well as their perpendicular di-
ameter on the same slice. The product of these measure-
ments was used to define the size of the tumor. In case of 
multiple lesions, response assessment was based on the 
sum of all products, up to a maximum of 4 lesions.

Nonenhancing space-occupying lesions were measured 
by one of the central reviewers (M.M.) on FLAIR images 
if possible, and otherwise on the T2 weighted images. In 
patients experiencing recurrent disease, the localization of 
the recurrence was compared to the localization of the ini-
tial nonenhancing and enhancing lesions.

Landmark Analysis

To estimate the survival probability for responding pa-
tients in the different response categories (CR, CRu, or PR) 
in an unbiased way, a landmark analysis was performed.7 
Regardless of the type of last administered treatment on 
protocol (ie, MBVP, Ara-C, or WBRT), the response at the 
end-of-protocol-treatment was related to PFS and OS for 
those still at risk at that timepoint. PFS was defined as time 
from randomization to progression, relapse, or death from 
any cause, whichever came first. OS was defined as time 
from randomization to death from any cause. Patients still 
alive at the date of last contact were censored. Follow-up 
data were available up to October 1, 2019. In this landmark 
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analysis, all patients alive at the landmark timepoint who 
had an MRI at end-of-protocol-treatment and were classi-
fied as CR, CRu, or PR on that MRI were included. Thus pa-
tients who had less than PR at the end-of-treatment had 
relapsed (for PFS only), died, or did not have their end-of-
treatment scan before the landmark were excluded from 
landmark analyses.

The reference time point (landmark) was set between 4 
weeks after last treatment, but before the first follow-up 
MRI (ie, 3 months after end-of-protocol-treatment), in such 
a way that most patients could be included. The landmark 
analysis was performed for both local and central response 
assessment.

Statistical Analysis

Since the HOVON 105/ALLG NHL 24 study showed no dif-
ferences in EFS, PFS, or OS between the 2 treatment arms 
we analyzed both arms together.6 For the interobserver 
agreement between the central reviewers, and be-
tween central and local response evaluations we calcu-
lated the crude agreement and Cohen's kappa,8 in which 
crude agreement is corrected for expected agreement 
(ie, the agreement that would occur “by chance”). First, 
interobserver agreement was assessed for all response 
categories separately; second, agreement was assessed 
for combined categories CR/CRu and PD/relapse, and third 
for 3 categories: response (CR/CRu/PR), SD, and progres-
sion (PD/relapse). Lastly, the crude agreement and kappa's 
interobserver agreement for progression versus no pro-
gression were calculated on the MRI on which progression 
was diagnosed and on the preceding MRI.

In the landmark analysis, the survival curves for PFS and 
OS were constructed using the Kaplan-Meier method for 
the different categories of response (ie, CR, CRu, and PR) 
according to central and to local response evaluation at the 
end-of-protocol-treatment. Differences by response were 
assessed with a log-rank test with a 5% significance level. 
All analyses were performed with Stata, version 15.0.

Results

Of the 199 trial patients, 115 were included in this study. Three 
patients were excluded because they did not give informed 
consent for the radiology review, 12 patients because no 
baseline MRI was present and 3 for whom only CT was avail-
able, 61 patients were excluded because baseline MRI was 
made outside the predefined time window, and 5 for other 
reasons (see CONSORT diagram, Figure 1). The median age 
of patients included in this study was 61 years (range: 38–70), 
44% were female, and 73% had WHO performance score <2 
see Table 1. On October 1, 2019 (last follow-up), in the central 
radiology review cohort 45 patients were alive without pro-
gression, and 15 were alive with progression.

Of these 115 included patients, 396 scans were centrally 
reviewed: 115 baseline MRIs, 235 after treatment, and 46 
PD or last before PD scans. Scans were excluded if they 
were not received for central review (n = 154), were made 

outside the predefined time window (n = 7), or progression 
was not located in the brain parenchyma (n = 14).

Central Radiology Review

For the MRIs made during treatment (n  =  235) the agree-
ment between central reviewers 1 and 2 and between local 
and central response assessment was higher than the ex-
pected agreement by chance (P < .001). Between the central 
reviewers, the agreement for all response categories was 
61.7%, with a kappa of 0.44, see Table 2. After adjudication, if 
necessary, the agreement between local and central response 
assessment was 63.0% with a kappa of 0.46, see Table 3.

When CR and CRu were combined into one category, 
and the categories PD and relapse were combined, the 
interobserver agreement and kappa values increased, 
but the latter remained in the moderate range. Between 
reviewers 1 and 2, agreement increased to 77.0% (kappa 
0.57), and between local and central assessment agree-
ment improved to 74.5% (kappa 0.54), see Supplementary 
Table S1 and Supplementary Table S2, respectively. When 
response categories were classified into response (CR, 
CRu, or PR), stable disease, or progression (PD or relapse) 
the agreement increased to 95.3% (kappa 0.40) between 
the central reviewers and 94.9% (kappa 0.41) between local 
and central response assessment. The kappa remained rel-
atively low, because of the increased expected agreement.

The response assessment for the MRIs on which pro-
gression or relapse was diagnosed and the last MRI made 
before progression were analyzed separately. Progression 
could take place during treatment or follow-up; only pa-
tients with both PD and last before PD scans provided for 
central review were included in this analysis. Agreement 
on whether there was progression or relapse versus “no 
progression” was 96.7% between central reviewers 1 and 
2 (kappa 0.93) and 93.3% between the local and central re-
sponse assessment (kappa 0.87), both were significantly 
higher than expected agreement (P < .001), Table 4A and 4B.

Landmark Analysis on CR, CRu, and PR

In total 91  “end-of-protocol-treatment” MRIs were avail-
able and were locally and centrally assessed. The landmark, 
aiming to include as many patients as possible after the 
end-of-protocol-treatment MRI but before first follow-up 
MRI, was positioned at 6.9  months after randomization. 
Only those with a CR, CRu, or PR at the end-of-protocol-
treatment were included in this analysis. Two patients who 
had not had their end-of-protocol-treatment scan yet were 
excluded. For the PFS analysis, we also excluded those who 
had less than PR (n = 7 according to central response and 8 
according to the local response assessment) at the end-of-
protocol-treatment, had progression before the landmark 
(n = 9 in central and n = 6 in local response assessment) or 
died without progression (n = 1). For the OS analysis, we 
excluded those who had less than PR (see above) or died 
(n  =  2). Since we analyzed survival according to local as 
well as to central response assessment, the number of pa-
tients the analyses were based on differed: survival anal-
ysis was performed on 72 (central assessment) and 74 
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(local assessment) patients for PFS and 80 (central assess-
ment) and 79 (local assessment) patients for OS.

There was no statistically significant difference in PFS 
(Figure 2A and B) between those judged as CR, CRu, or PR, 
both in central response assessment (P = .97) and according 
to local judgment (P = .76). Similar results were found for 
overall survival (Figure 2C and D), for central (P = .69) and 
local (P = .16) response assessment. There were no signifi-
cant differences in extent of response between those who 
received WBRT and those who did not, neither in the PFS 
and the OS analyses (Supplementary Table S4).

Nonenhancing Lesions

At baseline 7 patients were identified with nonenhancing 
space-occupying lesions. Baseline characteristics in 
these patients were similar to the total trial population, 
Supplementary Table S3. After chemotherapy, in 5 of the 7 
patients, the lesions diminished with ≥50%.

Four of these patients relapsed, in 2 patients this was 
at the same location as the original enhancing lesion. 
None of the patients had a relapse at the location of the 
nonenhancing lesions.

  

199 HOVON 105/ALLG NHL 24 patients

3 no consent for central MRI review

12 no baseline MRI
3 only CT scan available

1 no parenchymal brain involvement
4 no measurable brain lesion

4 baseline scan made after
               start protocol treatment
57 baseline scan made >21 days before
               start protocol treatment

10 MRIs after first (R–)MBVP cycle

97 MRIs after second (R–)MBVP
cycle

85 MRIs after HD-Ara-C

43 MRIs after WBRT

196 patients

181 patients

176 patients

115 patients

Figure 1.  CONSORT diagram. 235 MRIs from 115 patients were assessed. (R-) MBVP = (rituximab), methotrexate, teniposide, BCNU and prednis-
olone, HD-Ara-C = high-dose cytarabine, WBRT = whole-brain radiotherapy.
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Discussion

We found an excellent crude agreement (96.7%) and 
kappa score (0.93) between the central reviewers and 
between local and central radiological evaluations 
(crude agreement 93.3%, kappa 0.86) in differentiating 

progression from no progression. However, for re-
sponse assessment after treatment, interobserver agree-
ment was moderate at best. Furthermore, the crude 
interobserver agreement (62%) and kappa statistics be-
tween the 2 central reviewers and between local and 
central radiology response assessment after each treat-
ment component (n  =  235) were almost identical (local 

  
Table 2.  Level of Agreement Between Central Reviewer 1 and Central Reviewer 2 in All 235 Scans Made After Each Treatment Module for All 
Response Categories

Reviewer 2

Reviewer 1 CR CRu PR SD PD Relapse Total

CR 32 34 11 1 0 0 78

CRu 0 38 15 0 0 1 54

PR 0 17 74 4 0 0 95

SD 0 0 2 1 1 0 4

PD 0 0 0 1 0 1 2

Relapse 0 0 1 0 1 0 2

Total 32 89 103 7 2 2 235

Agreement 62%, kappa 0.44. CR = complete response; CRu = complete response unconfirmed; PR = partial response; SD = stable disease; PD = pro-
gressive disease

  

  
Table 1.  Baseline Characteristics of the Patients Included in This Study, Those Who Were Excluded, and for the Total Study Population

Included Patients n = 115 Excluded Patients n = 84 Total n = 199

Sex (n, % males) 64 (56%) 45 (54%) 109 (55%)

Age (median, range) 61 (38–70) 61 (26–70) 61 (26–70)

WHO performance score (n, %)    

0 27 (23%) 16 (19%) 43 (22%)

1 57 (50%) 44 (53%) 101 (51%)

2 17 (15%) 17 (20%) 34 (17%)

3 14 (12%) 7 (8%) 21 (10%)

Comorbidities (n > 2, %) 60 (52%) 44 (52%) 104 (52%)

Solitary lesions (n, %) 66 (57%) 37 (44%) 103 (52%)

Missing/ NA 1 (1%) 18 (21%) 19 (10%)

Deep lesion (n, %) 83 (72%) 42 (50%) 125 (63%)

  Periventricular (n, %) 61 (53%) 35 (42%) 96 (48%)

  Basal ganglia (n, %) 8 (7%) 6 (7%) 14 (7%)

  Cerebellar (n, %) 22 (19%) 8 (10%) 30 (15%)

  Brain stem (n, %) 10 (9%) 2 (2%) 12 (6%)

  Spinal (n, %) 2 (2%) – 2 (1%)

  Lobar (n, %) 58 (50%) 37 (44%) 95 (48%)

Study drug exposure

High-dose cytarabine (n, %) 98 (85%) 63 (75%) 161 (81%)

WBRT (n, %) 48 (42%) 22 (26%) 70 (35%)

Radiation boost given (n, %) 24 (21%) 15 (18%) 39 (20%)

Intrathecal treatment given (n, %) 12 (10%) 4 (5%) 16 (8%)

NA = not applicable in case of no brain lesion; WBRT = whole-brain radiotherapy.
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vs central kappa 0.46 and both central reviewers 0.44). 
This illustrates the difficulty of defining and delineating 
residual abnormalities after treatment and suggests that 
there is little added value of a central radiology review 
in PCNSL patients. Crude interobserver agreement in-
creased when response categories were combined, but 
the kappa statistics remained in the range of moderate 
agreement. This is most likely due to increased expected 
agreement since Cohen's kappa statistic is the agreement 
found, corrected for expected agreement to occur by 
chance. Thus, our data show that although the presence 
of response is well agreed upon, judgement regarding 
the extent of response is less reliable. This suggests, to-
gether with the excellent agreement regarding the mo-
ment of progression, that PFS and OS are more reliable 
endpoints than specific and more detailed response 
categories and that they also better reflect patient ben-
efit. It is not clear whether the low predictive value of the 
categories of response is the result of the interobserver 
variability in scoring, whether, as in systemic lymphoma, 
some but not all residual abnormalities represent active 
disease, or whether response is actually a continuum in 
which the categories are artificial and do not truly repre-
sent a different prognostic value.

But because it is clinically relevant to differentiate re-
sponding form not responding patients we would ad-
vocate to simplify the response criteria into response 
(decrease of the enhancing lesions of >50%), stable dis-
ease, or progression.

To the best of our knowledge, a central radiology review 
in PCNSL with assessment of the interobserver agreement 
has not been described before. Several studies assessed 
interobserver agreement in glioma patients.9–13 Our ex-
cellent agreement on PD versus no PD contrasts with the 
interobserver agreement in standard radiology assess-
ment for progression in glioma.9,12 This might be explained 
by the rapid evolution of most PCNSL and its easily recog-
nizable appearance on the MR images: PCNSL, at relapse 
or progression as well as primary presentation, generally 
appears as a homogenously enhancing, circumscribed 
space-occupying lesion, rather than the ill-defined mass 
and irregular enhancement in high-grade glioma.

In our landmark analyses, we found no difference in 
PFS or OS for the different types of response CR, CRu, 
or PR. The lack of difference in outcome between CR and 
CRu patients is in line with the current response criteria,1 
which state regarding CRu lesions that if the type of ab-
normality does not change or slowly involutes over time 
without therapy or corticosteroids, it is reasonable to cat-
egorize these lesions as CR. However, we also found that 
PR was associated with a similar PFS and even a similar 
OS, suggesting that these response categories do not 
translate into meaningful differences in outcome and 
are therefore not reliable surrogate endpoints in PCNSL. 
A  few other studies compared survival for different re-
sponse categories.2,4,5,14 Only one of these studies2 used 
a landmark analysis, resulting in selection bias in the 
other studies (ie, immortal time bias) since response and 

  
Table 3.  Level of Agreement Between Local And Central Assessment in All 235 Scans Made After Each Treatment Module for All Response 
Categories

Local

Central CR CRu PR SD PD Relapse Total

CR 42 12 8 0 0 1 63

CRu 15 28 30 0 0 0 73

PR 1 9 74 1 0 1 86

SD 0 0 4 1 1 0 6

PD 0 0 2 0 3 0 5

Relapse 0 0 2 0 0 0 2

Total 58 49 120 2 4 2 235

Agreement 63%, kappa 0.46. CR = complete response; CRu = complete response unconfirmed; PR = partial response; SD = stable disease; PD = pro-
gressive disease.

  

  
Table 4.  Level of Agreement (A) Between Both Central Reviewers: Agreement 96.7%, Kappa 0.93 and (B) Between Local and Central Assessment: 
Agreement 93.3%, Kappa 0.87 in All Scans Which Confirmed PD and Made “Last Before PD”

A Reviewer 2 B Local

Reviewer 1 No PD PD  Central No PD PD  

No PD 16 1 17 No PD 14 1 15

PD 0 13 13 PD 1 14 15

 16 14 30  15 15 30

PD = progressive disease, including relapses.
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survival are influenced by the passing time. If survival 
analysis is done after end-of-protocol-treatment, regard-
less of when the MRI was made, those who have had a 
later MRI would have had more chance to achieve CR. One 
large, prospective study (n = 511) showed a significant dif-
ference between CR versus no CR (PR, SD, and PD com-
bined) for OS (39 vs 22 months; P < .0001) and PFS (36 vs 
6 months).4 In that study, CR was defined as complete res-
olution of contrast-enhancing lesions on MRI or on CT. The 
latter radiological examination might have missed small 
contrast-enhancing foci. Furthermore, combining PR with 
nonresponding and progressive patients does not allow 
conclusions regarding the PR patients. Similarly, in a ret-
rospective analysis of a phase II study in 85 patients, dif-
ferences in survival rates between patients with CR, PR, 
SD, or progression after the end of chemotherapy were 
calculated using a single log-rank test. A significant differ-
ence was found for OS (P < .001), and a nearly significant 
difference for PFS (P =  .076).2 Again, due to the compar-
ison of all groups including nonresponding or progressive 

patients this analysis does not allow comparison between 
patients with different extents of response. Lastly, a small 
retrospective single-center series evaluated patients after 
chemotherapy. Those with CR after the completion of che-
motherapy (n = 10) had no better PFS or OS than those with 
no CR (n = 30).5 In that study, however, patients without CR 
subsequently received additional treatment: radiotherapy 
or autologous stem cell transplantation.

In systemic DLBCL, residual abnormalities on CT do 
not always consist of active disease and are not reliable 
markers of prognosis. Fluorodoxyglucose positron-
emission tomography (FDG-PET) response evaluation has 
better prognostic value than CT.15 The avidity of FDG-PET 
lesions are classified with the Deauville score (range 1–5), 
in which 1 is a truly negative lesion and 5 as truly positive 
or avid lesions.16

In PCNSL patients, few, relatively small studies have 
shown a possible prognostic effect of PET scans.17,18 There 
was a high concordance between MRI and PET imaging, 
using the Deauville score. Although the interim FDG-PET 
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Figure 2.  Progression-free survival (A and B) and overall survival (C and D) for those patients who had a partial response (PR), complete response 
(CR) or complete response unconfirmed (CRu) at the end of treatment MRI, according to central (A and C) and local response (B and D) assessment.
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scan had no prognostic value, patients with a negative PET-
scan at the end-of-treatment had a significantly prolonged 
PFS but not OS.17,18 These results suggest that PET imaging 
might be more useful as prognostic instrument than the 
radiological extent of response at MRI, although validation 
of these results in larger cohorts is necessary. Possibly in 
future molecular markers in CSF or even plasma will prove 
to be more reliable markers of which patients are truly in 
remission after induction therapy.

Two-dimensional measurements are the golden 
standard in the current PCNSL response criteria,1 and 
were therefore also applied in this study. This might, un-
derestimate volumetric changes. In glioma, volumetric 
measurements, either manual or computerized, improved 
agreement regarding radiological response compared 
to 2D measurements in some studies,13,19 and fully auto-
mated segmentation was significantly better in predicting 
OS (P < .0001) than the conventional 2D measurements.13 
In contrast, one other smaller study showed no differences 
in predicting OS between manual 2D and 3D measurement 
or computerized segmentation of the tumor.20 Response 
in PCNSL is generally easily recognizable with reductions 
>50% being the rule, so small changes in the volume of the 
enhancing lesion are unlikely to influence response rates. 
However, small changes in residual abnormalities might 
result in a change in response category, between CRu 
and PR.

Lastly, we found a few (n  =  7) patients with space-
occupying nonenhancing lesions. In most of these pa-
tients, the lesions diminished in size after chemotherapy, 
suggesting that these nonenhancing lesions might also be 
part of the cerebral lymphoma, as was also suggested by 
Tabouret et al.2 A decrease in size of these lesions is likely 
to be beneficial, in terms of prognosis. However, since 
even in patients with enhancing disease white matter 
changes frequently persist after successful treatment, it 
is even more challenging to value the response of these 
nonenhancing lesions. Larger series of patients with 
nonenhancing lesions, perhaps utilizing other imaging 
modalities, will be needed to be able to define response 
criteria for these patients.

Naturally, our study has some limitations: First, analyses 
were performed on a subgroup (n = 115) from a large clin-
ical trial and inadvertent bias may have occurred in the 
selection of patients for this study. The reasons for exclu-
sion of the 84 other patients were mostly no consent for 
central radiological review, availability of the correct base-
line scan, and in a small fraction no brain involvement. 
These factors are not related to survival or response and 
the main prognostic factors age and performance status 
did not differ between the 115 patients in this study and 
the 199 patients in the main study. Nevertheless, given the 
selection, our results should be validated in a larger ex-
ternal cohort. Secondly, other prognostic factors were not 
evaluated for each response category (ie, CR, CRu, and PR) 
in the landmark analyses, because the number of events 
(progression or death) was too small, therefore, the results 
of the landmark analyses should be interpreted as a uni-
variate prognostic evaluation. Lastly, the landmark ana-
lyses were performed for different categories of response 

based on the MRI made at the end-of-protocol-treatment, 
which included WBRT in patients under 60-years old. Both 
lower age and the receipt of WBRT may impact PFS.4,21,22 
However, it is not clear whether this impact will differ be-
tween patients in CR, CRu, or PR after treatment. In the 
overall survival landmark analysis, those who received 
WBRT had a better OS than those who did not receive 
WBRT (Supplementary Figure S1). However, this differ-
ence could also be explained by the difference in age be-
tween these groups, rather than the addition of WBRT.

In conclusion, our results suggest that at the end of 
protocol treatment, within responding patients, specific 
radiological response categories (CR, CRu, or PR) do not 
reliably predict survival in PCNSL patients, even after cen-
tral radiology review, but that interobserver agreement in 
diagnosing relapse or progression is high. Therefore, until 
more reliable markers of true remission are available the 
primary outcome measure in PCNSL studies should be 
PFS or OS; as secondary outcome measure combined re-
sponse rate (CR, CRu, and PR) is more reliable than CR or 
CR/CRu-rate.

Supplementary Data

Supplementary data are available at Neuro-Oncology 
Advances online.
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