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Abstract
Background and Objectives
Primary CNS lymphoma (PCNSL), a rare CNS malignancy, is usually treated with high-dose
methotrexate in the first-line setting, typically followed by consolidation therapy. Due to the
broad range of currently available treatments for PCNSL, comparability in long-term follow-up
studies is limited, and data are scattered across small studies.

Methods
In this study, we report the long-term survival of patients with newly diagnosed immuno-
competent PCNSL, enrolled in a phase II trial from June 2005 to September 2011. Patients
were treated using rituximab, methotrexate, vincristine, and procarbazine (R-MVP) chemo-
therapy followed by high-dose chemotherapy (HDC) and autologous stem cell transplant
(ASCT) in those with partial or complete response to R-MVP. In a post hoc analysis, clinical
and imaging features were evaluated in those still alive.

Results
26 of 32 patients underwent HDC-ASCT consolidation. Of them, 3 patients died of treatment-
related toxicity and 2 due to disease progression within 1 year of ASCT. None of the remaining
21 patients had disease progression with a median follow-up of 12.1 years and were included in
the analysis. Compared with the post–HDC-ASCT assessment, at the last follow-up, there was
no significant difference in the median Karnofsky Performance Status (80 [range: 60–100] vs
90 [range: 70–100]), the median Neurologic Assessment in Neuro-Oncology score (1 [range:
0–4] vs 1 [range: 0–5]), and leukoencephalopathy score (1 [range: 0–3] vs 1 [range: 1–4]).

Discussion
Long-term follow-up demonstrated that treatment was well tolerated in most patients enrolled
in this study, with stable leukoencephalopathy on imaging and stable clinical performance
status. Disease recurrence was not observed beyond 2 years after HDC-ASCT consolidation.

Introduction
Primary CNS lymphoma (PCNSL) is a rare extranodal lymphoma confined to the CNS, in-
cluding the brain, spine, CSF, and eye. Treatment is based on high-dose methotrexate chemo-
therapy with leucovorin rescue.1 This is accompanied by varying supportive chemotherapy
agents, including rituximab, vincristine, and procarbazine (R-MVP) and other regimens that may
include temozolomide, etoposide, and cytarabine. However, recurrence on these treatments
remain high, and typically, a consolidation therapy is used to prevent disease relapse.2 While
whole-brain radiation therapy has been used in the past, it can cause permanent cognitive
dysfunction, and consequently, other consolidation options for disease in remission have been
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introduced, including nonmyeloablative chemotherapy or
high-dose chemotherapy followed by autologous stem cell
transplant (HDC-ASCT).3 Myeloablative chemotherapy is
used to maximize effectiveness. However, HDC-ASCT carries
its own significant treatment-related risks, most concerningly
infections during pancytopenia.

Because PCNSL is a rare disease, data on long-term follow-up
for consolidation therapies are scattered across a few small
studies.4–6 A prospective study using R-MVP chemotherapy
followed by HDC-ASCT was performed at Memorial Sloan
Kettering Cancer Center in the early 2000s.7 The goal of this
study was to perform a post hoc long-term follow-up on these
patients, 10 years after the last patient was registered to report
long-term recurrence risk. We also assess long-term functional
and neurologic status and leukoencephalopathy on MRI.

Methods
Patients
Enrollment process, inclusion and exclusion criteria, chemo-
therapy, and HDC-ASCT protocols for this phase 2 study have
been previously published.7 In brief, from June 2005 to Sep-
tember 2011, 33 newly diagnosed immunocompetent PCNSL
were enrolled at MSKCC (clinicaltrials.gov: NCT00596154).
Eligible patients had non-Hodgkin PCNSL with radiographic
evidence on MRI that was histologically confirmed, through
brain biopsy, CSF cytology/flow cytometry, or vitreous/uveal
biopsy, with no evidence of systemic lymphoma on both CT of
the chest, abdomen, and pelvis and bone marrow biopsy. CSF
involvement was not an exclusion criterion. Enrollment age was
18–72 years. Patients were excluded if HIV testing yielded
positive results, if prior radiation or chemotherapy of the
treatment for PCNSL was used, and if another active malig-
nancy was present.

Chemotherapy and HDC-ASCT
Patients received 5 doses of rituximab (500 mg/m2), metho-
trexate (3.5 gm/m2), procarbazine (100 mg/m2), and vincris-
tine (1.4 mg/m2). An MRI of the brain with and without
contrast was obtained after 5 doses of R-MVP; patients with
progressive disease (PD) were removed from the study, pa-
tients with partial response (PR) or stable disease (SD) re-
ceived 2 more doses of R-MVP, and patients with complete
response (CR) preceded to consolidation. For patients who
received 2 additional R-MVP doses, a repeat MRI of the brain
was completed after dose 7, and they were taken off study for
SD/PD or proceeded to consolidation for PR/CR.

Consolidation therapy consisted of HDC with thiotepa
(250 mg/m2), busulfan (3.2 mg/kg), and cyclophosphamide
(60 mg/kg), followed by ASCT. Patients had undergone
peripheral blood stem cell harvesting early in their R-MVP
cycles.7 None of the patients received radiation. Patients
were then followed up with periodic MRI scans every 3
months for the first 2 years after consolidation and then every
4 months for the third and fourth years, and finally, every
6 months onward, without further treatment offered unless
there was evidence of progression.

Follow-up Measurements
Long-term follow-up status including disease status, func-
tional status, and leukoencephalopathy were collected in this
post hoc analysis. Patients’ current survival and disease status
were determined through a chart review. If the patient had not
undergone a follow-up in >2 years, patients were contacted
through mail to their last known address or called to discuss
current functional status and disease status.

The patients’ Karnofsky Performance Status (KPS) scale was
assessed at enrollment, post-ASCT, and at follow-up visits. If a
KPS scale was not explicitly stated in the note of the patient’s last
follow-up, it was derived from the examination stated and from
the patient’s examination narrative regarding current employ-
ment status, walking assistance, ability to live independently, or
any noted cognitive complaints.

The Neurologic Assessment in Neuro-Oncology (NANO)
score was evaluated on post-ASCT examinations and pa-
tient’s most recent examination.8 This is an individual rating
based on routine neurologic examination findings of neu-
rologic deficits within 9 domains, with a maximal total po-
tential score of 23, which would indicate the highest number
of neurologic deficits.

The T2/FLAIR sequences of the post-ASCT and most
recent MRI brain scan were reviewed and graded on a
modified Fazekas scale of 0–5: 0, no white matter ab-
normality; 1, minimal patchy white matter foci; 2, start of
confluence of white matter disease; 3, large confluent
areas; 4, confluence of white matter abnormalities with
cortical and subcortical involvement; and 5, diffuse
leukoencephalopathy.7,9

Progression-free survival (PFS) and overall survival (OS)
were estimated using the Kaplan-Meier method. The asso-
ciation between age younger than 60 years, response to
MTX, receipt of ASCT, and survival was evaluated using

Glossary
ASCT = autologous stem cell transplant; CR = complete response; FLAIR = fluid-attenuated inversion recovery;HDC = high-
dose chemotherapy;KPS = Karnofsky Performance Status;NANO =Neurologic Assessment in Neuro-Oncology;OS = overall
survival; PCNSL = Primary CNS lymphoma; PD = progressive disease; PFS = progression-free survival; PR = partial response;
R-MVP = rituximab, methotrexate, vincristine, and procarbazine; SD = stable disease.
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univariable and multivariable Cox proportional hazards re-
gression models. The NANO score and KPS were collected
at initial diagnosis, after completion of trial therapy (post-
ASCT), and at the last follow-up (current). The modified
Faszekas scale scores were collected after completion of trial
therapy (post-ASCT) and at the last follow-up (current).
The Student t test was used to compare age differences at
study enrollment between patients with low (≤2) and high
NANO scores (>2) at the last follow-up and between pa-
tients with low (<2) and high modified Fazekas scale scores
(≥2) at the last follow-up.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the Institutional Review Board.
Every patient signed an informed consent before any trial
investigations and treatments. The trial was registered with
clinicaltrials.gov (registration number: NCT00596154).

Results
Patient Characteristics
Initially, 33 patients were enrolled to the original study be-
tween June 2005 and September 2011. Of these 33 patients,
1 patient was removed before treatment initiation due to sys-
temic involvement (Figure 1). The remaining 32 patients re-
ceived the intended study treatment. One patient developed
disease progression during R-MVP andwas taken off study. Two
did not undergoHDC-ASCT based on physician decision, and 3
withdrew consent. Ultimately, 26 (81%) patients received stem
cell transplant (Table 1). The median age of the original study
populationwas 52 years with a range of 24–68 years. Themedian
age of those receiving HDC-ASCT was 51 years. The median

KPS was 80 in both groups. Approximately 47% of all partici-
pants and 46% of patients who received ASCT were women.
There were no major differences between patients enrolled in
the original study and those receiving HDC-ASCT (Table 1).

Progression-Free Survival and Overall Survival
Of the 26 patients who received HDC-ASCT, 3 died within
the first 2 years due to treatment-related toxicity

Table 1 Patient Characteristics

Characteristic All patients (n = 32)
Patients receiving
ASCT (n = 26)

Median age (range) 52 (24–68) 51 (24–68)

Age <60 18 (56%) 15 (57%)

Age <50 10 (31%) 8 (31%)

Median KPS (range) 80 (40–100) 80 (60–100)

KPS <70 6 (19%) 3 (12%)

KPS <50 1 (3%) 0 (0%)

Women 15 (47%) 12 (46%)

Men 17 (53%) 14 (54%)

MSK RPA Classa

I 11 (34%) 8 (31%)

II 15 (47%) 15 (58%)

III 6 (19%) 3 (12%)

a MSK Recursive Partitioning Analysis (RPA): Class I: <50 years; Class II: ≥50
years & KPS ≥70; and Class III: ≥50 years & KPS <70.

Figure 1 CONSORT Flow Diagram
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(experiencing Steven–Johnson syndrome, septic shock, and
graft vs host disease, respectively). Two additional patients
developed disease progression and subsequently died 6 and 9
months after completion of HDC-ASCT.

At a median follow-up of 12.1 years (range: 5–15.5 years), the
median PFS and median OS of the 32 patients receiving
the intended trial therapy was not reached (Figure 2A). The
5-year, 10-year and 15-year PFS was 78%, 74.7%, and 74.7,
respectively. The 5-year, 10-year, and 15-year OS was 81.3%,
81.3%, and 74.5%, respectively. Among the 26 transplanted
patients, the 5-year PFS and OS were 80.8% and remained
unchanged at 10 and 15 years (Figure 2B). In the transplanted
patients, no disease recurrence or death was observed beyond
2 years from ASCT.

Of note, the 3 eligible patients who withdrew consent and did
not proceed to HDC-ASCT received cytarabine consolidation;
1 died and 2 developed disease progression (at 1.2 and 7.4 years
post-RMVP). Univariate and multivariate analyses showed a
trend but no significant difference to better overall survival in

patients younger than 60 years, CR to methotrexate induction
therapy, and those who received an ASCT (Table 2).

KPS and NANO Scores
Of the 21 patients who underwent HDC-ASCT and were still
alive, themedianKPS at original study enrollmentwas 90 (range:
60–100), after HDC-ASCTwas 80 (range: 60–100), and on the
most recent follow-up was 90 (range: 70–100) (Figure 3A).
From the time of HDC-ASCT to the last follow-up, the KPS
improved in 13 patients, remained the same in 5, and decreased
in 3. For this same group of patients, the median NANO score
was 1 at registration (range: 0–6) and after HDC-ASCT (range:
0–4) and 0 at the last follow-up (range: 0–5) (Figure 3B). From
the time of HDC-ASCT to the last follow-up, the NANO score
reduced in 7 patients consistent with a clinical improvement,
remained the same in 6, and increased in 8 by amedian of 1 point
(range: 1–2). Patients with higher NANO scores of 3–5 at the
last follow-up were older at trial enrollment (n = 5; median age:
65.15 (range: 52.7–67.6)) compared with those with low
NANO scores of 0–2 (n = 16; median age: 49 (range:
24.3–64.6); p = 0.017 (t test)).

Figure 2 Progression-Free Survival and Overall Survival

(A) Kaplan–Meier curves showing progression-free survival (PFS) and overall survival (OS) for all patients who received the intended trial treatment (n = 32).
(B) Kaplan–Meier curves showing PFS and OS for transplanted patients (n = 26).

Table 2 Association Between Age, Response to Methotrexate Induction, Receipt of ASCT, and Overall Survival

Univariate analysis Multivariate analysis

HR CI p Value HR CI p Value

Age <60 (n = 19) Ref. Ref.

Age ≥60 (n = 13) 4.3 0.83–22 0.081 3.89 0.682–22.2 0.126

Transplanted (n = 26) Ref. Ref.

Not transplanted (n = 6) 1.7 0.33–9 0.514 1.5 0.17–14 0.716

Response to MTX_PR (n = 15) Ref. Ref.

Response to MTX_CR (n = 16) 0.43 0.079–2.3 0.33 0.39 0.069–2.1 0.277

Abbreviation: ASCT = autologous stem cell transplant.
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Leukoencephalopathy Scores
Five patients experienced no changes in the extend of leu-
koencephalopathy (Figure 4, A and C). In 10 patients, the
modified Fazekas leukoencephalopathy scale increased by 1
point (0 to 1 in 5 patients, 1 to 2 in 3 patients, 2 to 3 in 1
patient, and 3 to 4 in 1 patient [Figure 4B]), and only 1
patient experienced a worsening by 2 points (from 1 to 3).
The median modified Fazekas leukoencephalopathy scale on
the post–HDC-ASCT MRI scan was 1 (range: 0–3) and

remained stable at a median of 1 (range: 1–4) at the most
recent follow-up (Figure 4C). While some patients did ex-
perience mild worsening of their leukoencephalopathy
(Figure 4C), they remained functionally independent with
KPS scores ≥70. Patients with higher leukoencephalopathy
scores of ≥2 at the last follow-up were older at trial enroll-
ment (n = 8; median age: 62.7 years [range: 33.4–67.6])
compared with those with low scores of <2 (n = 13; median
age: 47.5 years [range: 24.3–65.2]; p = 0.0281 [t test]).

Figure 3 Clinical Parameters During and After HDC-ASCT

(A) The Karnofsky Performance Scale (KPS) at
initial enrollment into the trial (initial), after
completion of high-dose chemotherapy with
stem cell rescue (post-ASCT), and at the most
recent follow-up (current) are displayed. (B) The
Neurologic Assessment in Neuro-Oncology
(NANO) score is a standardized assessment of
neurologic function based on the standard do-
mains in the neurologic examinationA8. The scale
increases for each domain/severity of abnor-
mality on examination. NANO scores at initial
enrollment into the trial (initial), after completion
of high-dose chemotherapywith stem cell rescue
(post-ASCT), and at the most recent follow-up
(current) are displayed.

Figure 4 Leukoencephalopathy During and After HDC-ASCT

(A) Fluid-attenuated inversion recovery
(FLAIR) MRI of a representative patient who
developed only minimal leukoencephalop-
athy throughout his treatment and during
long-term follow-up. (B) FLAIR MRI of a
representative patient with a higher degree
of leukoencephalopathy. (C) Displayed are
the leukoencephalopathy scores of the
study participants on FLAIR MRI after com-
pletion of high-dose chemotherapy with
stem cell rescue (post-ASCT) and at themost
recent follow-up (current). Modified Faze-
kas score: 0: no white matter abnormalities;
1: mild patchy white matter foci; 2: begin-
ning of confluence of white matter disease;
3: large confluent areas; 4: confluence of
white matter abnormalities with cortical
and subcortical involvement; and 5:
diffuse leukoencephalopathy.
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There was no significant correlation between the NANO
score and modified Fazekas scale.

Discussion

The median time to relapse in PCNSL has been reported
between 10 and 18 months, and most relapses occur within
the first 2 years of initial diagnosis.2 Younger patients
(younger than 60 years) receiving a methotrexate-based
chemotherapy regimen followed by whole-brain radiation
consolidation were found to have a median overall survival of
9.5 years.4 Moreover, relapsing disease has been observed
more than 5 years after initial diagnosis.10 Following the wide
implementation of HDC-ASCT consolidation, long-term
follow-up data in PCNSL are sparse. Two large, 2-arm phase 2
trials have reported 2-year progression-free survival rates of
72%6 and 87%5 in those receiving HDC-ASCT. However,
long-term data are still maturing. In this study, we report the
long-term follow-up of a prospective phase 2 study of patients
with PCNSL treated with R-MVP followed by HDC-ASCT
consolidation. Our data show that the median PFS and OS in
patients who received HDC-ASCT were not reached at a
median follow-up of 12.1 years. The PFS andOS was 80% at 5
and 10 years. Of those who did not progress within the first 2
years of HDC-ASCT, none experienced disease recurrence or
death.

We observed that patients tolerated HDC-ASCT well from a
functional standpoint, with stable median KPS and NANO
score from enrollment to the most recent follow-up and no
change in the median leukoencephalopathy score. Of interest,
patients with poorer NANO and leukoencephalopathy
scores at long-time follow-up were older study participants.
Clinical studies comparing neurocognitive parameters in
patients treated with radiation or HDC-ASCT consolida-
tion reported overall better cognitive functionality for
those receiving HDC-ASCT,5,6 although patients with
PCNSL who have undergone ASCT still have been shown
to demonstrate decreased performance in attention and
memory tasks on follow-up testing 3 years after treatment
completion.11 Leukoencephalopathy develops in approximately
50% of patients with PCNSL, particularly after radiation, and
there has been a strong correlation between imaging changes,
including atrophy, and neurocognitive impairment.12

Our data suggest that a methotrexate-based chemotherapy
regimen followed by thiotepa-based HDC-ASCT offer a cu-
rative treatment option for patients with adequate organ
function and age younger than 72 years. There are some
limitations to this study, including the small sample size and
single institutional experience. Our findings may be compared
with long-term data from larger multicenter phase 2 trials for
which long-term follow-up is still maturing.5,6 Overall, our
findings indicate that treatment was well tolerated without
significant long-term effects on imaging and clinical perfor-
mance status and excellent long-term disease control.
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