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Abstract

Background The treatment of primary CNS lymphoma (PCNSL) comprises high dose methotrexate (HDMTX) based
chemotherapy followed by whole brain radiotherapy (WBRT), the major drawback of which is long term neurotoxicity. We
intended to assess the feasibility of response adapted WBRT in PCNSL in the Indian setting.

Methods We screened 32 patients and enrolled 22 eligible patients with PCNSL from 2015 to 2017 in a prospective phase
II trial. The patients underwent five 2-weekly cycles of induction chemotherapy with rituximab, methotrexate, vincristine,
procarbazine. Patients with complete response(CR) to induction chemotherapy were given reduced dose WBRT 23.4 Gy/13
fractions/2.5 weeks while those with partial response (PR), stable or progressive disease (SD or PD) were given standard dose
WBRT 45 Gy/25 fractions/5 weeks. Thereafter two cycles of consolidation chemotherapy with cytarabine were given. The
primary endpoints of the study were assessment of response rate (RR) and progression free survival (PFS). The secondary
endpoints of the study were assessment of overall survival (OS), toxicity profile of treatment and serial changes in quality
of life and neuropsychological parameters.

Results Out of 19 patients who completed HDMTX based chemotherapy, 10 (52.63%) patients achieved CR, 8 (42.11%)
patients had PR and 1 patient had PD. After a median follow-up period of 11.25 months, the estimated median OS was
19 months. The actuarial rates of PFS and OS were respectively 94.1 and 68.2% at 1 year and 50.2 and 48.5% at 2 years.
Three patients in reduced dose WBRT arm had recurrence and two of them died of progressive disease, whereas there was
no recurrence or disease related death in standard dose WBRT arm. On univariate analysis of PFS, age <50 years and use
of standard dose WBRT (45 Gy) led to significantly improved outcome (p value 0.03 and 0.02 respectively).

Conclusion In patients with PCNSL, reduced dose WBRT after CR to HDMTX based chemotherapy may lead to suboptimal
clinical outcome due to higher risk of recurrence, progression and early death. Trial Registration No CTRI/2015/10/006268
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Primary central nervous system lymphomas (PCNSL)
are extranodal malignant lymphomas that arise within the
brain, eyes, leptomeninges or spinal cord in the absence of
systemic lymphoma at the time of diagnosis [1]. There are
controversies regarding the optimal treatment strategy [2,
3]. High dose methotrexate (HDMTX) based chemotherapy
is accepted to be the mainstay of treatment. Whole brain
radiotherapy (WBRT) helps in prolonging the progression
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free survival (PFS) but its role in improving overall survival
(OS) is not clear [4—7]. The major limiting factor for using
WBRT is treatment related late neurotoxicity in patients who
achieve long term disease control [8, 9]. This can manifest
as progressive cognitive deterioration which may lead to
dementia and death. This late effect is more pronounced
in elderly patients. In an attempt to decrease the treatment
related neurotoxicity, some researchers have opted to defer
radiotherapy until recurrence even at the cost of sub-optimal
disease control [6, 10-12]. Partial brain radiation is another
option but this approach results in high rates of relapse
within the brain, outside of the irradiated area, suggesting
that the whole brain must be treated when radiotherapy is
used in PCNSL [13]. Some groups have tried to reduce the
dose of WBRT [14, 15] and dose reduction in patients with
complete response (CR) to induction chemotherapy has
yielded excellent outcomes [16, 17]. The feasibility of this

Fig. 1 Trial profile: 32 patients
with primary CNS lymphoma
were evaluated for inclusion

in the study from 2015 to 17,
out of which 22 patients were
found eligible; 14 patients
underwent RMPV regimen

and 8 patients underwent MPV
regimen; 2 patients on RMPV
regimen died due to sepsis,

1 patient on RMPV regimen
was lost to follow-up after 2
cycles and subsequently died at
home; 19 patients were eligible
for response assessment after
induction chemotherapy; 10
patients had CR, 8 patients

had partial response (PR)

and 1 patient had progressive
disease(PD); 1 patient with

CR died due to subarachnoid
haemorrhage before cranial RT;
9 patients with CR received
reduced dose (23.4 Gy) and 9
patients with PR/PD received
standard dose(45 Gy) whole
brain radiotherapy (WBRT);
the first 3 patients who received
reduced dose WBRT had recur-
rence in brain and 2 of them
died due to progressive disease,
whereas there was no recur-
rence or cancer related death in
patients who received standard
dose WBRT
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approach merits revalidation in larger and ethnically differ-
ent cohorts of patients with PNCSL to determine the optimal
treatment strategy in these patients.

Patients and methods

We screened a total of 32 patients and enrolled 22 eligi-
ble patients with PCNSL (age 18-80 years, ECOG PS 0-3,
HIV seronegative, biopsy proven PCNSL, no significant
end-organ dysfunction, immunocompetent) attending our
institute from 2015 to 2017 in a prospective phase II trial
(Fig. 1). Pre-treatment evaluations included complete blood
counts, liver and kidney function tests, serum lactate dehy-
drogenase (LDH) level, hepatitis B, C and human immuno-
deficiency virus (HIV) screening, ophthalmologic exami-
nation to assess for ocular involvement, lumbar puncture
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to assess for leptomeningeal involvement and cerebrospi-
nal fluid (CSF) protein levels, contrast enhanced magnetic
resonance imaging (CMRI) of the brain, contrast enhanced
computed tomography (CECT) of neck, chest, abdomen and
pelvis, ultrasonogram (USG) of testis in males, bone mar-
row aspirate and biopsy to rule out systemic lymphoma. The
study was approved by the institutional ethics committee and
all patients or guardians signed an informed consent form
before participating in the study.

The patients underwent five 2-weekly cycles of MPV
induction chemotherapy with methotrexate 3.5 g/m? IV
D1 with hydration, alkalinisation and leucovorin res-
cue (25 mg IV every 6 h D2-D4), vincristine 1.4 mg/
m? (capped at 2 mg) IV D1, procarbazine 100 mg/m?
P.O. D1-7 in odd number cycles. Rituximab 375 mg/m?
IV D1 g2 weeks was added in 14 patients as per patient-
preference and affordability. Intrathecal methotrextae
12 mg bi-weekly was added in patients with CSF+ve dis-
ease till two consecutive negative CSF cytology speci-
mens. Primary prophylaxis with granulocyte colony
stimulating factor (G-CSF) was not allowed, but second-
ary prophylaxis at a dose of 5 pg/kg/day was allowed.
Toxicity assessment was done on day 1 and day 8 of
cycle 1 and subsequently on day 1 of cycles 2-5 using
Common Terminology Criteria for Adverse Events ver-
sion 4.0 (CTCAE v4.0). Before each cycle the following
parameters had to be met-total leucocyte count > 3000/
mm?>, absolute neutrophil count > 1500/mm?>, platelet
count > 100,000/mm?, serum creatinine < 2 mg/dl, calcu-
lated glomerular filtration rate > 50 ml/min and urinary
pH > 7. All non-haematological toxicities had to resolve
to <grade 1 before administration of the subsequent
cycle. In case of grade 3/4 myelosuppression (thrombo-
cytopenia and/or neutropenia), the dose of the offend-
ing drug i.e. procarbazine was reduced by 25 and 50%
on 1st and 2nd occurrences of toxicity respectively and
procarbazine was permanently discontinued on 3rd occur-
rence of severe haematological toxicity. Patients with
CR to induction chemotherapy were given reduced dose
WBRT 23.4 Gy/13 fractions/2.5 weeks while those with
partial response (PR), stable or progressive disease (SD
or PD) were given standard dose WBRT 45 Gy/25 frac-
tions/5 weeks by bilateral parallel opposed skull fields
using German Helmet portal with Co®® gamma rays. The
radiation portal encompassed the entire brain with the
meningeal reflections, posterior one-third of bilateral
orbits (to include bilateral optic nerves up to optic disc),
cribriform plate and spinal cord till the lower border of
C2 vertebrae. In patients of PCNSL with ocular involve-
ment, who obtained CR (in brain and eye) to induction
chemotherapy, the entire brain (as described before) and
bilateral orbits were included in the radiation portal to a

dose of 23.4 Gy/13 fractions/2.5 weeks. In patients with
ocular involvement with PR/SD/PD to induction chemo-
therapy, bilateral orbits in entirety were included in the
radiation portal up to a dose of 30.6 Gy/17 fractions/3.5
weeks and thereafter the entire brain and posterior one-
third of orbits were irradiated up to a total dose of 45 Gy.
Thereafter two cycles of consolidation chemotherapy with
cytarabine 3 g/m*/day (maximum daily dose 6 gm), IV
D1 and D2 were given 1 month apart. Patients were kept
on 3 monthly follow-up for the first year after comple-
tion of treatment. CMRI of brain was done at baseline,
2-4 weeks after completion of induction chemotherapy,
3 months after completion of WBRT and subsequently on
each follow-up visit. The primary endpoints of the study
were assessment of response rate (RR) and PFS. The sec-
ondary endpoints of the study were assessment of OS,
toxicity profile of treatment, molecular subtype of lym-
phoma, EBV status (by immunohistochemistry for EBV
LMP-1) and serial changes in quality of life (EORTC-
QLQ-C30 and BN 20 module) and neuropsychological
parameters (cognition, executive functions, motor speed,
visual construction, language and mood). Response
assessment was done according to the report of interna-
tional workshop to standardize baseline evaluation and
response criteria for primary CNS lymphoma (PCNSL)
[18]. PFS was defined as the duration of time from the
date of diagnosis to the date of clinical or radiological
disease progression or death due to PCNSL, which ever
occurred earlier. Patients without evidence of progression
till last follow-up were censored. OS was defined as the
duration of time from the date of diagnosis to the date
of death or last follow-up. Patients alive at last follow-
up were censored. Kaplan—Meier product limit method
was used to evaluate PFS and OS. Univariate analysis of
PFS and OS with respect to molecular subtypes of dif-
fuse large B cell lymphoma (DLBCL) and other patient
related, disease related and laboratory prognostic factors
were done by Log Rank test. Multivariate analysis of PFS
and OS with respect to different prognostic factors were
done using Cox proportional hazard regression model.
MedCalc software (version 11.3.0) was used for statistical
analysis. Treatment related acute toxicity assessment was
done using Common Terminology Criteria for Adverse
Events version 4.0 (CTCAE v4.0). Assessment of serial
changes in neuropsychological and quality of life param-
eters (at baseline, before WBRT and 6 and 12 months
after completion of treatment) was done by Friedman’s
test. Comparison of these parameters between two follow
up visits was done by using Wilcoxon signed rank test.
Comparison of these parameters between standard dose
and reduced dose WBRT arms was done by Mann—Whit-
ney’s test. A detailed background comparison of patient
related, tumour related and treatment related factors in
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patients receiving reduced dose WBRT versus standard
dose WBRT and patients receiving MPV versus RMPV
regimens was made using Fisher’s exact test.

Results

The median age at diagnosis was 51.5 years (range
31-67 years). The male: female ratio was 13:9. The ECOG
PS was 3,2 and 1 in 13 (59.09%), 5 (22.73%) and 4 (18.18%)
patients respectively. The median duration of symptoms
was 4 months (range 0.5-36 months). The major presenting
symptoms were motor impairment in 14 (63.64%), cognitive
impairment in 13 (59.09%), headache in 11 (50%), vomiting
in 9 (40.91%), visual symptoms in 7 (31.82%) and seizure in
6 (27.27%) patients. Baseline MRI was done in all patients.
Deep-seated lesions were present in 15/20 (75%) patients
which included areas like basal ganglia, corpus callosum,
brainstem, cerebellum and periventricular locations. Ocular
involvement was present in 5/22 (22.73%) patients, in which
2 (9.09%) had exclusive ocular involvement at presentation
and the remaining 3 (13.64%) patients had synchronous ocu-
lar and brain involvement. CSF cytology was positive for
malignant cells in 3/22 (13.64%) patients. CSF protein was
raised (> 50 mg/dl) in 19/21 (90.48%) patients. The median
value of CSF protein was 127 mg/dl (range 34-473 mg/
dl). Serum LDH was raised (>420 U/L) in 10/22 (45.45%)
patients. The median value of serum LDH was 415.5 U/L
(mean: 465.64 U/L; range 170-1060 U/L). Histopathologi-
cal diagnosis was established after stereotactic biopsy from
the brain lesion, or inadvertent surgery or vitreal tap in case
of ocular lymphoma. 8 (36.36%) patients underwent inad-
vertent surgery, out of which two patients underwent gross
total excision, one patient had near total excision and five
patients had subtotal excision of tumour. Three patients
underwent vitreal tap for the diagnosis of intraocular lym-
phoma as the only histopathological diagnosis. All the
remaining 11 patients underwent stereotactic biopsy from
brain lesion. One patient was reported to have NHL from
vitreal tap, where further characterisation was not possible.
3 (13.64%) patients (vitreal tap in two and tumour decom-
pression in one patient) were reported to have B-cell NHL,

Progression free survival

Disease specific survival

which were positive for CD20. 18 (81.82%) patients were
reported to have diffuse large B-cell lymphoma, which were
further subclassified as germinal centre type in 3 patients
and activated B cell type/post-germinal centre type in 13
patients according to Hans algorithm using immunohisto-
chemistry markers CD10, BCL6, MUM1 (Online Resource
1, Fig. 1). Subtyping could not be done in two patients prob-
ably because of administration of corticosteroids prior to
biopsy. Immunohistochemistry for EBV-LMP1 was negative
in all assessed (N = 19) patients.

All 22 (100%) patients received induction chemotherapy
(RMPV and MPV regimens in 14 and 8 patients respec-
tively). The median number of cycles of induction chemo-
therapy was 5 (range 2-5). In patients undergoing RMPV
regimen, the median number of cycles of rituximab added
to the induction chemotherapy was 5 (mean 4.6; range 2-5).
Chemotherapy interruption/delay was noted in 15 (68.18%)
patients. Out of 19 patients who completed HDMTX based
induction chemotherapy, 10 (52.63%) patients achieved
CR, 8 (42.11%) patients had PR and 1 patient had PD.
Two patients on RMPYV regimen died due to chemotherapy
related toxicities (sepsis). Induction chemotherapy was oth-
erwise well tolerated with severe (grade 3/4) toxicities being
mostly haematological-anaemia in one patient, neutropenia
in 8 (36.36%) patients and thrombocytopenia in one patient
(Online Resource 1, Table 1). Only one patient developed
complicated febrile neutropenia. The major non-haemato-
logical toxicity was infection (Online Resource 1, Table 2).
Nine patients received reduced dose and nine received stand-
ard dose WBRT. In our study, WBRT was excellently toler-
ated with no reported grade 3/4 toxicity (Online Resource 1,
Table 3). Consolidation chemotherapy with high dose cyta-
rabine was given in 15 (68.18%) patients. Grade 3/4 neutro-
penia was observed in 3 (20%) patients during consolidation
chemotherapy (Online Resource 1, Table 4). After a median
follow-up period of 11.25 months (mean 12.41 months),
four patients had disease progression and eight patients had
died, the causes being disease progression in two, chemo-
therapy related toxicity in two, non-cancer related in three
patients and unknown in one. The estimated median OS
was 19 months. The median PFS had not been reached. The
actuarial rates of PFS were 94.1 and 50.2%, disease specific
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Fig.2 Kaplan—Meier curves depicting a PFS, b disease specific survival and ¢ OS in the entire study cohort (N=22)
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survival were 86.4 and 61.4% and OS were 68.2 and 48.5%,
respectively at 1 and 2 years (Fig. 2), (Online Resource 1,
Table 5). Three patients in reduced dose WBRT arm had
recurrence and two of them died of progressive disease,
whereas there was no recurrence or disease related death in
standard dose WBRT arm. Salvage treatment was given to
all three patients with recurrence after reduced dose WBRT.
A combination of rituximab and temozolomide was given to
one patient, who died after one cycle due to progressive dis-
ease. Single agent temozolomide was given to one patient,
who also died after one cycle (she was advised a combina-
tion of rituximab and temozolomide, but could not afford
rituximab). One patient was re-challenged with MPV regi-
men and he had marked symptomatic improvement after two
cycles and was undergoing the 3rd cycle while the database
was locked. On univariate analysis of OS (Table 1), use of
RT (p value <0.0001), use of consolidation Ara-C (p value
0.026) and negative CSF cytology (p value 0.0076) led to
significantly improved outcome. On multivariate analysis
of OS, only CSF cytology retained prognostic significance
with p value of 0.021 and hazard ratio (HR) of 6.71. On uni-
variate analysis of PFS (Table 1), age <50 years and use of
standard dose WBRT (45 Gy) led to significantly improved
outcome (p value 0.03 and 0.02 respectively) (Fig. 3). The
overall RRs to induction chemotherapy with and without
rituximab were not significantly different (90.9 versus 100%;
p value 1) (Online Resource 1, Table 6). There was no sig-
nificant difference in treatment outcome according to the
molecular subtype of PCNSL (Table 1). Serial neuropsycho-
logical assessments revealed marked improvement in general
cognition and other domains (e.g. verbal fluency and motor
speed) after induction chemotherapy, which persisted for
6 months after completion of primary treatment and then
stabilised (Table 2). The mean EORTC global health sta-
tus/Qol score declined from 58.3 at baseline to 41.67 after
induction chemotherapy and then increased to 66.67 at 6
and 12 months after completion of treatment (p value 0.748)
(Table 2).There was no statistically significant difference
in short term neurocognitive outcome and quality of life
between reduced and standard dose WBRT arms (Online
Resource 1, Table 7).

Discussion

The treatment of primary central nervous system lymphoma
has evolved over the decades from radical radiotherapy to
combined modality treatment with HDMTX based induction
chemotherapy followed by WBRT and consolidation chemo-
therapy. The current trend is to decrease the dose of WBRT
or to avoid it altogether, with a view to decreasing the long
term neurocognitive sequel of treatment [4, 14, 16, 17, 19].
The aim of our study was to assess the feasibility of response

adapted WBRT after HDMTX based chemotherapy in newly
diagnosed patients with PCNSL in the Indian scenario. We
gave reduced dose WBRT (23.4 Gy) in patients with CR and
standard dose WBRT (45 Gy) in patients with PR, SD or
PD after HDMTX based induction chemotherapy. A phase
II study with a similar design has already been published
from Memorial Sloan Kettering Cancer Center(MSKCC)
[16, 17]. In the initial report of the MSKCC trial by Shah
et al. (N=37), after a median follow-up of 37 months,
the estimated 2-year OS and PFS rates were 67 and 57%,
respectively [16]. The estimated median PFS was 40 months.
For the 19 patients who received reduced-dose WBRT
(23.4 Gy), the estimated 2-year OS and PFS rates were 89%
and 79%, respectively. The relapse rate after CR was 26%.
In the updated report of the MSKCC trial by Morris et al.
(N =52), the median PFS and OS were 3.3 and 6.6 years
respectively [17]. Thirty-one patients (60%) achieved CR
to RMPV regimen and received reduced dose WBRT. The
2-year PFS rate in this group was 77%. The median PFS was
7.7 years and the median OS was not reached.

In our trial, we enrolled 22 newly diagnosed immuno-
competent patients with PCNSL. In the evaluable patients
(N=19), after induction chemotherapy, 10 (52.63%) and 8
(42.11%) patients had CR and PR respectively in our study,
leading to an overall RR of 94.74%. This is in accordance
with the published medical literature [16, 17]. The first
three patients who attained CR to induction chemotherapy
and subsequently received dose reduced WBRT (23.4 Gy),
progressed in brain with a median time to progression of
17.5 months. Two of these three patients died due to pro-
gressive disease soon after receiving the 1st cycle of sal-
vage chemotherapy. It should be noted that one patient with
intraocular B cell NHL, progressed in brain after complet-
ing five cycles of induction chemotherapy (before RT). No
patient in the standard WBRT arm had disease progression
after receiving RT. There was no significant difference in the
patient related, tumour related and treatment related factors
in these two arms with the following exceptions: deep seated
tumours were more common in the reduced dose WBRT
arm (100 versus 33.3%, p value 0.019), inadvertent excision
of tumour was more common in the reduced dose WBRT
arm (66.7 versus 11.1%, p value 0.05) and chemotherapy
interruptions/delays were more frequent in the reduced
dose WBRT arm (88.9 versus 33.3%, p value 0.05) (Online
Resource 1, Table 8). In addition, 5 out of 9 (55.6%) patients
in reduced dose WBRT arm and 2 out of 9 (22.2%) patients
in standard dose WBRT arm had MSKCC prognostic class
3 (p value 0.19). In the entire cohort, the median PFS was
not reached and the actuarial rates of PFS were 94.1% at
1 year and 50.2% at 2 years. On univariate analysis of PFS,
younger patients (age <50 years) and use of standard dose
WBRT (45 Gy) led to significantly improved outcome. Also,
it is interesting to note that pertaining to PFS, the best results
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Table 1 Table representing univariate analysis of OS and PFS

Prognostic fac-
tors

Overall survival (OS)

Progression free survival (PFS)

Median value Actuarial rate at p value

Hazard ratio

Median value Actuarial

p value Hazard ratio (95%

1 and 2 years (95% CI) rate at 1 and CI)
2 years
Age
<50 years NR 68.2 and 68.2% 0.3838 1.8435 (0.4602 to NR 100 and 75% 0.0342 6.3388 (0.7772 to
(N=11) 7.3843) 51.6967)
>50 years 19 months 68.2 and 0% 17.5 months  88.9 and 0%
(N=11)
<60 years 19 months 66.7 and 47.4% 0.5100 0 (0.0403 to NR 100 and 53.3% 0.0062 11 (0.03329 to
(N=20) 24.8392) 3634.2672)
>60 years NR 100 and 100% NR 50 and 50%
N=2)
Sex
Female (N=9) 14.8 months 62.2 and 0 0.1227  0.3448 (0.08175 17.5 months 100 and 0% 0.1541 0.2846 (0.02688 to
Male N=13) NR 72.5 and 72.5% to 1.4546) NR 90.9 and 68.2% 3.0137)
PS
1 (N=4) NR 50 and 50% 0.7386 1.423 (0.2239to 19 months 75 and 0% 0.1283 0.2486 (0.02136 to
2/3 (N=18) 19 months 70 and 45.9% 9.0443) NR 100 and 65.6% 2.8928)
MSKCC prognostic class
1(N=11) NR 68.2 and 68.2% 0.338 2.2431 (0.5186 to NR 100 and 75% 0.0546 5.1411 (0.5431 to
2(N=2) NR 100 and 100% 9.703) (class 3 6.3 months 50 and 50% 48.6646) (class
3(N=9) 14.8 months  62.2 and 0% compared with 17 5 1 hihs 100 and 0% 3 compared with
class 1) class 1)
No of lesions
Solitary (N=5) NR 100 and 100%  0.1760 NR 100 and 100%  0.7237
Multiple 19 months 65.2 and 45.6% NR 100 and 52.5%
(N=15)
Tumour location
Superficial NR 80 and 80% 0.3280 2.7114 (0.5474to NR 100 and 100% 0.1173
(N=5) 13.4299)
Deep (N=15) 19 months 68.6 and 36.6% 19 months 100 and 26.7%
Ocular involvement
No (N=17) NR 76.5 and 50.2% 0.8094 1.2157 (0.2252 to 19 months 100 and 43.7% 0.8579 1.2257 (0.1123 to
Yes (N=5) 12 months  33.3 and 33.3% 6.5641) NR 80 and 80% 13.3806)
Molecular subtype
GC (N=3) NR 100 and 50% 0.4101 2.3195 (0.4445 to NR 100 and 50% 0.8849 1.1899 (0.1146 to
ABC (N=13) 4.8 months 57.7 and 46.2% 12.1027) 19 months 100 and 40% 12.3515)
CSF cytology
Negative NR 84.2 and 59.9% 0.0076  5.4601 (0.5365 to 19 months 93.3and 49.8% 0.7150 0 (0.003027 to
(N=19) 55.5692) 330.3879)
Positive (N=3) 10.5 months 0 and 0% NR 100 and 100%
CSF protein
Normal (N=2) NR 100% and 100% 0.3006 19 months 100 and 0% 0.4328 0.4 (0.01920 to
Increased NR 61.4 and 52.6% NR 92.9 and 79.6% 8.3322)
(> 50 mg/dl)
(N=19)
Serum LDH
Normal NR 75 and 75% 0.7957  1.2017 (0.2950 to 19 months 87.5and 43.7% 0.7627 0.7421 (0.1023 to
(N=12) 4.8952) 5.3847)
Increased 19 months 70 and 38.9% NR 100 and 55.6%
(N=10)
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Table 1 (continued)
Prognostic fac- Overall survival (OS) Progression free survival (PES)
ors Median value Actuarial rate at p value  Hazard ratio Median value Actuarial p value Hazard ratio (95%
1 and 2 years (95% CI) rate at 1 and CI)
2 years
Extent of resection
Biopsy N=14) Ngr 61.1and 52.4% 0.7505  0.7741 (0.1709 to NR 90.9 and 58.4% 0.7641 1.3867 (0.1162 to
Excision (N=8) 19 months  87.5 and 0% 3.5068) 17.5 months 100 and 0% 16.5484)
Chemotherapy regimen
MVP (N=38) NR 83.3 and 83.3% 0.0563  5.89 (1.4654 to NR 100 and 66.7% 0.1881 3.9166 (0.5421 to
RMVP (N=14) 14.8 months 59.5 and 23.8% 23.6733) 17.5 months  88.9 and 35.6% 28.2941)
Chemotherapy interruption
No (N=7) NR 100 and 66.7% 0.0802  5.1652 (1.2712to NR 83.3 and 55.6% 0.9931 1.0085 (0.1421 to
Yes (N=15) 14.8 months  52.4 and 39.3% 20.9871) 19 months 100 and 37.5% 7.1600)
Response to chemotherapy
CR (N=10) 19 months 90 and 33.8% 0.7816 17.5 months 100 and 0% 0.0001
PR (N=8) NR 71.4 and 71.4% NR 100 and 100%
PD (N=1) NR 100 and 100% 6.3 months 0 and 0%
Use of radiotherapy
No (N=4) 3 months 0 and 0% <0.0001 0.06345 NR 100 and 100%  0.999
Yes (N=18) NR 83.3 and 59.3% (0.003403 0 NR 94.1 and 50.2%
1.1830)
Radiotherapy dose
234 Gy (N=9) 19 months 100 and 37.5% 0.7737  0.7511 (0.1037 to 17.5 months 100 and 0% 0.0203 0.0000 (0.09530 to
45Gy (N=9) NR 71.4 and 71.4% 5.4403) NR? 100 and 100% 10.4936)
Use of consolidation chemotherapy
No (N=7) 4.7 months 28.6 and 28.6% 0.0261  0.2289 (0.04859 NR 100 and 100% 0.1486
Yes (N=15)  NR 88.9 and 50.8% to 1.0785) 19 months ~ 92.9 and 26.5%

p value in bold indicates statistically significant result

NR not reached, PS performance status, MSKCC Memorial Sloan Kettering Cancer Centre, GC germinal centre, ABC activated B cell, CSF
cerebrospinal fluid, LDH lactate dehydrogenase, RMVP rituximab, methotrexate, vincristine, procarbazine, CR complete response, PR partial
response, PD progressive disease

*N=8 in 45 Gy arm for PFS as one patient had disease progression before radiotherapy and was excluded from the univariate analysis of pro-
gression free survival with respect to RT dose

a Progression free survival b Progression free survival
100 e 100 ——— - s
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Fig.3 Kaplan—-Meier PFS curves in patients a <50 years versus > 50 years, b receiving reduced dose (23.4 Gy) versus standard dose (45 Gy)
whole brain radiotherapy

were achieved in patients with PR, followed by patients with
CR, followed by patients with PD to induction chemotherapy
(p value 0.0001). This may be explained by the fact, that

patients with PR received standard dose WBRT (45 Gy) in
contradistinction to patients with CR who received reduced
dose WBRT (23.4 Gy). This study is giving an early signal
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that WBRT dose reduction from 45 to 23.4 Gy in patients
with PCNSL, who attain CR to HDMTX based chemother-
apy, may engender disease progression and eventual death
in the absence of effective salvage treatment. The median
OS in our study was noted to be 19 months and the actuarial
rates of OS were 68.2% at 1 year and 48.5% at 2 years. This
compares poorly with the published medical literature [4,
15-17]. We believe that the OS outcome in our study has
been marred by the relatively high incidence of toxic deaths
(9.09%) and non-cancer related deaths (13.64%). Also, it
should be noted that patients in our study had a high bur-
den of poor prognostic factors e.g. ECOG PS 2 and 3 in
22.73 and 59.09% patients respectively, increased CSF pro-
tein in 90.48% patients, increased serum LDH in 45.45%
patients and deep seated lesion in 75% patients. Pertaining
to the MSKCC prognostic class, 11 out of 22 patients (50%)
belonged to class 2/3. Out of 16 patients with DLBCL, 13
(81.25%) patients had activated B cell subtype, which por-
tends a poor prognosis.

In our study, 14 (63.64%) patients received RMPV and 8§
(36.36%) patients received MPV regimen. 7 out of 14 (50%)
patients on RMPV regimen and 2 out of 8 (25%) patients
on MPV regimen had MSKCC prognostic class 3 (p value
0.445). There was no significant difference in the other
patient related, tumour related and treatment related factors
in these 2 arms (Online Resource 1, Table 9). There was no
significant difference in the complete RR-54.5 versus 50%
(p value 1) and overall RR-90.9 versus 100% (p value 1) in
patients receiving RMPV and MPV regimens respectively.
It is notable that addition of rituximab to MPV regimen had
no significant impact on PFS and OS on univariate analy-
sis. There is an existing concern amongst the oncologists
regarding the penetration of the large molecule of rituximab
across the blood brain barrier and its therapeutic concentra-
tion in the brain parenchyma. However, extrapolating from
the impact of rituximab on survival outcome in systemic B
cell NHL, a multitude of single arm and randomized phase
II trials have explored the addition of rituximab to HDMTX
based induction chemotherapy in patients with PCNSL
and most of them have reported favourable outcome with
this chemo-immunotherapy approach [11, 16, 17, 20]. In
the recently published multi-centre randomized phase 2
IELSG-32 trial, 227 patients with newly diagnosed PCNSL
were randomly assigned (1:1:1) to receive four 3 weekly
courses of HDMTX and cytarabine (group A); or the same
combination along with rituximab (group B); or the same
methotrexate—cytarabine-rituximab combination along
with thiotepa (group C) [20]. Patients with responsive or
stable disease after induction chemotherapy were randomly
allocated between WBRT and high dose chemotherapy fol-
lowed by autologous stem cell transplantation (ASCT) for
consolidation. At a median follow-up of 30 months, the CR
rates in patients in group A, B and C were 23, 30 and 49%

respectively. Grade 4 haematological toxicity was more fre-
quent in patients treated with methotrexate, cytarabine, thi-
otepa and rituximab (MATRIix regimen), but infective com-
plications were similar in the three groups. The incidence of
toxic death was 6% in this study. Based on the study results,
the authors have proposed MATRix combination as the new
standard of chemo-immunotherapy for patients with newly
diagnosed PCNSL, aged up to 70 years. In a recently pre-
sented multicentre randomized phase III trial, 200 patients
with newly diagnosed PCNSL were randomized to induction
with two cycles of MBVP (HDMTX, carmustine, teniposide,
prednisone) chemotherapy with (arm B) or without (arm A)
rituximab [21]. Responding patients received consolidation
chemotherapy with high dose cytarabine. Patients aged more
than 60 years were not irradiated whereas younger patients
received WBRT 30 Gy with an additional boost of 10 Gy in
patients with PR. In this trial, the addition of rituximab to
HDMTX-based chemotherapy did not improve RRs (CR/
CR unconfirmed rates-66% in arm A and 68% in arm B &
overall RR-87% in both arms), EFS or PFS. The incidence
of treatment related mortality was 7% in arm A and 3% in
arm B. In our study, the incidence of treatment related mor-
tality was 9.09% (2/22 patients). Both these patients were
on RMPV regimen. The cause of deaths were complicated
febrile neutropenia leading to sepsis, disseminated intra-
vascular coagulation and neutropenic enterocolitis after 3rd
cycle in one patient and sepsis (E. coli) after 4th cycle in
one patient. In future, we will endeavour to bring down the
incidence of treatment related mortality in our patients. In
this regard, the use of primary prophylaxis with G-CSF after
RMPV regimen will be crucial in preventing fatal febrile
neutropenia [16]. The issue of addition of rituximab to
HDMTX based regimen in patients with PCNSL needs to
critically evaluated in the Indian setting because of its inves-
tigational role, increased toxicity and higher cost.

Apart from the issue of toxic death in two patients,
HDMTX based induction chemotherapy was well tolerated
with severe (grade 3/4) toxicities being mostly haematologi-
cal. We limited ourselves to five cycles of HDMTX based
chemotherapy in all patients instead of additional two cycles
in partial responders chiefly out of concern about chemo-
therapy related toxicity and tolerance issues. During con-
solidation chemotherapy with high dose Ara-C, grade 3/4
neutropenia was observed in 3 (20%) patients.

Whole brain RT was excellently tolerated and the side
effects were mostly mild (grade 1/2) dermatitis and conjunc-
tivitis. With a median follow up of only 11.25 months, no
treatment related late effect has been discerned. Undoubt-
edly, with the passage of time, the late effects of radiother-
apy and chemotherapy will manifest and they need to be
meticulously documented and addressed.

Serial neuropsychological assessments revealed that
there was marked improvement in general cognition and
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other domains (e.g. verbal fluency and motor speed) after
induction chemotherapy, which persisted for 6 months
after completion of primary treatment and then stabilised.
This initial improvement was most likely due to response
of tumour to chemotherapy and possibly WBRT. Although
there was some improvement in quality of life parameters
with the passage of time, most of them were statistically
non-significant except for future uncertainty and weakness
of legs. The mean EORTC global health status/Qol score
declined from 58.3 at baseline to 41.67 after induction chem-
otherapy and then increased to 66.67 at 6 and 12 months
after completion of treatment. The initial decline in QoL
score could be due to induction chemotherapy related acute
toxicities. There were no significant difference in any cog-
nitive or quality of life domain between reduced dose and
standard dose WBRT arms at baseline and subsequent fol-
low up visits. However long term follow up is required to
detect late neurological toxicities, particularly neurocogni-
tive decline. The various approaches to mitigate this issue
are avoidance of WBRT from the frontline management of
PCNSL [4, 11], use of reduced dose WBRT [16, 17] and
partial brain radiation instead of WBRT for consolidation
[13, 22]. In the recently closed phase II RTOG 11-14 trial,
newly diagnosed patients with PCNSL were randomized
to receive R-MPV and cytarabine with or without reduced
dose WBRT (23.4 Gy). The primary objective of the trial
was to determine the median PFS in the two arms on an
intent-to-treat basis and the results are eagerly awaited. In
the era of combined modality treatment, researchers from
Japan have shown interest in focal radiation, particularly in
patients of PCNSL with unifocal disease [13]. In a retro-
spective report of 43 patients with PCNSL (74.4%-unifocal
disease) treated with focal RT (median dose-50 Gy) from
Japan, cumulative rates of in-field and out-of-field (in brain)
recurrence at 5 years were 57 and 49%, respectively. The
out-of field recurrence rates were 22 versus 83% for patients
treated with safety margins of >4 versus <4 cm (p=0.0079)
and 45 versus 67% in patients with a single lesion versus
those with multiple lesions (p=0.79). In a comprehensive
report on radiotherapy parameters in 1054 patients with
PCNSL treated from 1985 to 2009 in Japan, 92 and 8%
of the patients received WBRT and partial brain RT [22].
The 5 year OS rates were 25 and 29% for patients treated
with WBRT and partial brain RT respectively (p=0.8).
These studies have led to the generation of a hypothesis
that in patients of PCNSL with unicentric disease receiving
HDMTX based induction chemotherapy, partial brain RT
with adequate safety margin may be considered instead of
WBRT. However due to high risk of out-of-field recurrence
in brain, further well designed prospective studies are war-
ranted to test this hypothesis. There is also burgeoning inter-
est in the use of stereotactic radiotherapy and radiosurgery
in newly diagnosed patients with PCNSL. In a prospective,

@ Springer

observational cohort study, 73 patients received single agent
HDMTX (8 gm/m?) chemotherapy and 55 patients received
the same chemotherapy regimen followed by gamma knife
radiosurgery (GKRS) with a median dose of 11 Gy (range
11-16 Gy) to 50% isodose line [23]. After a mean follow-up
of 36.9 months, the median survival was 26.8 months in the
chemotherapy group and 47.6 months in the chemotherapy
plus GKRS group (p value 0.0034). All lesions treated with
GKRS showed CR on follow-up MRI. In future, we intend
to conduct prospective studies in our institute on the omis-
sion of WBRT from the frontline management of PCNSL in
patients > 60 years, who have achieved CR to HDMTX based
induction chemotherapy and the use of WBRT-36 Gy/20
fractions/4 weeks followed by a boost of 9 Gy/5 fractions/1
week for consolidation in younger patients. Stereotactic RT
could be a useful modality for the focal boost to minimize
collateral irradiation of the uninvolved brain parenchyma.

To summarize the strengths of the present study, it is the
first and only prospective study looking at the feasibility of
response adapted WBRT after HDMTX based chemotherapy
in patients with newly diagnosed PCNSL in the Indian sub-
continent using serial comprehensive neuropsychological
and quality of life assessments. The limitations of the study
include small sample size (N =22), short follow up period
(median: 11.25 months; mean: 12.41 months; follow-up is
ongoing and this is the report on acute toxicity profile and
early clinical outcome) and the fact that rituximab was added
to MPV regimen according to patient preference and afford-
ability and not in a randomized manner.

Conclusions

In patients with newly diagnosed primary central nerv-
ous system lymphoma, reduced dose WBRT after CR to
HDMTX based chemotherapy may lead to suboptimal clini-
cal outcome due to higher risk of recurrence, progression
and early death. Positive CSF cytology (for malignant cells)
at presentation is an independent poor prognostic factor
determining OS. Whole brain radiotherapy in both reduced
and standard dose, does not appear to have short term neu-
ropsychological and quality of life detriment. However
longer follow up is required to make definitive conclusions.
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