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Background: Pemetrexed, a new and novel agent for primary central nervous system lymphomas
(PCNSLs), has shown to be efficient as a savage therapy for recurrent PCNSLs. However, more
studies are needed. A prospective study was performed on 17 recurrent PCNSL patients with
pemetrexed at Shandong Tumor Hospital in China to assess the efficacy and safety of pemetrexed
for recurrent PCNSL patients.

Materials and methods: The medical records and imaging data on all the cases of recurrent
PCNSL patients with pemetrexed in our study were collected during August 2012 and April
2015. Folic acid, B
Patients were treated with pemetrexed at a dose of 900 mg/m? intravenously every 3 weeks,

.,» and dexamethasone were used to induce toxicities related to pemetrexed.
and one cycle consists of 6 weeks.

Results: A total of 17 cases of recurrent PCNSL patients were enrolled in our study, includ-
ing 10 males and 7 females with a median age of 66.2 years (ranging from 35 to 81). After the
treatment, five cases had complete remission, with partial remission in five cases, stable disease
in four cases, and progressive disease in three cases. Consequently, the overall response rate was
58.8%, and the disease control rate was 82.4%. The median overall survival was 7.8 months
(95% confidence interval: 5.9-9.6 months) in the study of recurrent PCNSL patients.
Conclusion: This study has been the first clinical trial that applied pemetrexed to treat recurrent
PCNSL patients in China, and results indicated that chemotherapy using large pemetrexed may
become an effective treatment for PCNSL recurrence with modest toxicity.
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Introduction

Primary central nervous system lymphoma (PCNSL), an aggressive extranodal
non-Hodgkin’s lymphoma, is confined within the central nervous system which
includes brain, meninges, spinal cord, and eyeball, causing various neurological
symptoms and signs. Although being a rare disease, the incidence of PCNSL has
represented a rising trend in recent years. Due to the increasing incidence of PCNSL,
a percentage rate ranging from 1% to 4% among the nonimmunodeficient patients with
malignant intracranial tumors was related to PCNSL. In addition, the most common
histologic type is the diffuse large B-cell lymphoma among the PCNSL patients under
an average age of 60 years old.'?

In fact, nearly 50% of patients will relapse within 24 months after diagnosis.
Moreover, in situ recurrence was commonly observed among the PCNSL patients,
followed by other intracranial metastasis, even spinal cord and eyeball metastasis.
Despite numerous approaches being tried using radiation therapy (RT) or chemotherapy
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with variable degrees of activity, the best therapeutic strategy
has still been a matter of debate. Unfortunately, the previous
aggressive therapies of relapsed PCNSL patients often had
poor prognosis responses.>”’ Pemetrexed, a new and novel
chemotherapy agent for PCNSL, has shown to be efficient
as a savage therapy for recurrent PCNSL.3° However, sub-
stantially more experience should be gained in evaluating
the efficacy of pemetrexed for recurrent PCNSL patients.
In this study, a prospective investigation was performed on
17 recurrent PCNSL patients with pemetrexed at Shandong
Cancer Hospital in China to assess the efficacy of pemetrexed
in these patients and explore a more effective second-line
therapy for PCNSLs with few side effects.

Materials and methods

Study cases

The study and clinical trial were approved by the ethi-
cal review board of Shandong Cancer Hospital. After
written informed consent was obtained from each patient,
the medical records and imaging data on all the cases of
recurrent PCNSL patients with pemetrexed were collected
during August 2012 and April 2015 at Shandong Cancer
Hospital in Jinan, China. The diagnostic criteria of recur-
rent PCNSL in this study were defined that after the treat-
ment, the PCNSL patients proven initially with biopsy
had clinical symptoms and imaging features of PCNSL
again. According to the imaging examination, the recurrent
PCNSL patients in our study were all diagnosed through
magnetic resonance imaging (MRI) and magnetic resonance
spectroscopy (MRS). All the patients were initially biopsy
proven and were negative for immune system diseases and
HIV. Moreover, after the diagnosis confirmation, chemo-
therapy was selected as the first choice for the treatment,
but if the disease progression cannot be controlled by che-
motherapy, radiotherapy would be used to all the recurrent
PCNSL patients.

Inclusion and exclusion criteria

To insure the consistency of this trial, the inclusion and
exclusion criteria from another PCNSL trial (available on
the Internet on www.ClinicalTrials.gov.) were adopted in

this research as follows.

Inclusion criteria

(1) Histological confirmation of PCNSL, (2) Eastern
Cooperative Oncology Group (ECOG) performance status
of 0—1, (3) positive cerebrospinal fluid (CSF) cytology or
immunohistochemical diagnosis of CSF monoclonality with
or without measurable intracranial disease, (4) measurable

(>1 cm in diameter) tumor by computed tomography (CT)
scan or MRI, (5) progressed during first-line chemotherapy
and/or radiotherapy OR relapsed after initial successful treat-
ment, (6) no systemic lymphoma by CT scan of the chest,
abdomen, and pelvis with contrast, (7) no leptomeningeal
lymphoma by lumbar puncture for CNS cytology/flow
cytometry, (8) no ocular lymphoma by slit-lamp examination,
(9) must have adequate organ function as defined by the pro-
tocol: adequate renal function: serum creatinine =1.5 mg/dL
and/or calculated creatinine clearance =60 mL/min; adequate
hepatic function: bilirubin level =1.5x the upper limit of
normal (ULN), aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) =1.5x ULN. Adequate bone
marrow reserves: neutrophil (ANC) count =1500/mm?,
platelet count =100,000/mm’, and hemoglobin =9 g/dL.
(10) Age =18 and =75 years. All patients signed written
informed consent prior to study entry.

Exclusion criteria

(1) Patients with HIV seropositivity and systemic lymphoma
manifestation, (2) serious uncontrolled concurrent illness,
(3) previous brain radiotherapy and systemic chemotherapy,
(4) concurrent chronic systemic immune therapy, targeted
therapy not indicated in this study protocol, (5) any evidence
of prior exposure to hepatitis B virus, (6) unable to compre-
hend the study requirements or who are not likely to comply
with the study parameters, and (7) pregnant (confirmed by
serum or urine 3 human chorionic gonadotrophin [3-HCG])
or lactating.

Large doses of pemetrexed treatment

regimen

To improve safety and minimize pemetrexed-related tox-
icities, patients in our study were assigned to receive folic
acid 0.4 mg daily, beginning 1 week before the first dose
of pemetrexed until 3 weeks after/treatment. In addition,
patients also received dexamethasone 4 mg orally twice a day
beginning 1 day before until 1 day after treatment to prevent
pemetrexed-induced rashes. Injections of 1 mg vitamin B,
were also given intramuscularly 1-2 weeks before the first
dose of pemetrexed and at 9-week intervals during the treat-
ment. Patients were treated with pemetrexed at a dose of
900 mg/m? intravenously every 3 weeks of a 6-week cycle.
Patients remained on treatment as long as there was no evi-
dence of tumor progression or intolerable side effects, and
a complete response was not achieved. Moreover, 20% of
mannitol was injected intravenously into all patients at each
time before and after the chemotherapy with a high rate for
raising the permeability of blood—brain barrier.
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The evaluation of response effects

and side effects

The baseline evaluation standard and response criteria for
PCNSL formulated by the international lymphoma working
group in 2005 were referenced as the response criteria in our
study,'® which included four levels for the response such as
complete remission, partial remission, stable disease, and
progressive disease. The overall response rate was calculated
by the sum of complete remission and partial remission;
however, the disease control rate was added by complete
remission, partial remission, and stable disease rates. In
addition, the side effects were assessed into 0—V grades
according to National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (version 4.0), and toxicity
was graded as mild (Grade 1), moderate (Grade 2), severe
(Grade 3), life-threatening (Grade 4), or death (Grade 5).

Follow-up

Clinical follow-up and telephone interview were conducted
with the patients until the end of April 31, 2015. MRI and
MRS were performed in all patients. During the study period,
the assessment of MRI and MRS was done every 3 months
of the treatment, and patients would receive imaging exami-
nation immediately in case of severe symptoms.

Statistical analysis

The Kaplan—Meier method was adopted to calculate the sur-
vival curves, and all the statistical analysis were performed
through SPSS 16.0.

Table | Patients clinical and treatment data

Results

Patient characteristics

A total of 17 cases of recurrent PCNSL patients were enrolled
in our study, including 10 males and 7 females with a median
age of 66.2 years (ranging from 35 to §81) during the study
period. The symptoms of the intracranial hypertension were
observed in all 17 PCNSL recurrent patients, which included
episodic headache (10 cases), emesis (5 cases), and blurred
vision (2 cases). In addition, nine cases were observed with
focal symptoms, such as limb movement disorder in five
cases, visual disturbance in two cases, epileptic seizure in
one case, and one case involved in paralysis or weakness in
both legs, and sphincter disturbance due to spinal meninges
metastases with cauda equine infiltration. The median score
of Karnofsky performance status was 80, which ranged
from 60 to 90 (Table 1). All the patients had diffuse large
B-cell lymphoma.

Image features

T,-weighted and T,-weighted images were performed for
all the recurrent PCNSL patients. Figure 1 shows the repre-
sentative MRI images for complete response patients before
and after pemetrexed treatment. Moreover, the patients were
examined every 3 months during the treatment.

Outcome

Among the 17 cases of recurrent PCNSL patients, 8 cases
were dead during the tumor progression, including 5 cases
died of the recurrent PCNSL and 3 cases died of infection.

Number Agelsex Position KPS NCC IT Response Outcome PFS os

| 72/F PRI 80 9 RT + MTX CR Alive 15.4+ 15.4+
2 49/F ER 80 8 MTX CR Alive 12.4+ 12.4+
3 67/M PRI 80 9 MTX CR Alive 10.1 I+
4 67/F ER 80 7 MTX CR Alive 6.8+ 6.8+
5 67/F ER 80 6 RT + MTX CR Alive 6.2 7.5+
6 77 ER 80 10 MTX PR2 Death 11.2 1.2
7 60/F ER 80 7 MTX PR2 Alive 10.2+ 10.2+
8 76/M PRI 70 8 MTX PR2 Alive 9.8 10.3
9 45/F PRI 90 2 MTX PR2 Death 7.8 8.6
10 80/F PRI 70 5 MTX PR2 Alive 6.2 78

I 8I/F ER 90 5 RT SD Death 38 7.1

12 70/M ER 60 4 MTX SD Alive 52 52

13 69/M PRI 70 3 RT + MTX SD Death 1.8 4.2
14 75/M ER 80 3 MTX SD Death 2.1 39

15 35/M MT 70 3 RT + MTX PD Death 6.6 6.6

16 58/F ER 70 4 RT + MTX PD Death 5.7 5.7
17 78/M PRI 60 | RT + MTX PD Death 24 35

Abbreviations: CR, complete remission; ER, ectopic recurrence; F, female; IT, initial treatment; KPS, Karnofsky performance status; M, male; MT, metastasis; MTX,
methotrexate; NCC, number of chemotherapy cycles; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PRI, primary recurrence; PR2, partial

remission; RT, radiotherapy; SD, stable disease.
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Figure | The representative magnetic resonance imaging images of complete response patient before and after the pemetrexed treatment.

After anti-infection treatment, the three patients with
infection died of respiratory failure caused by drug-resistant
bacteria pneumonia. Besides from the eight died cases,
four cases were alive until the end of the study and five
cases were alive until withdraw from the follow-up. All the
patients received at least one cycle of chemotherapy with
pemetrexed, and the average time of chemotherapy with
pemetrexed was six cycles. After the treatment, five cases
achieved complete remission, with partial remission in five
cases, stable disease in four, and progressive disease in three
cases. Consequently, the overall response rate was 58.8%,
and the disease control rate was 82.4%. The median overall
survival (OS) was 7.8 months (95% confidence interval:
5.9-9.6 months) in 17 patients with recurrent PCNSL.
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Figure 2 Overall survival of |7 recurrent primary central nervous system lymphoma
patients treated with pemetrexed.

Moreover, Figure 2 shows the OS of 17 recurrent PCNSL
patients treated with pemetrexed.

Toxicities

The adverse events mainly included myelosuppression,
gastrointestinal reaction, and infection. After long-term
chemotherapy, the patients had different degrees of myelo-
suppression symptoms presented as leukopenia, throm-
bocytopenia, and anemia, which included grades 1 and 2
in seven cases and grades 3 and 4 in three cases. The
myelosuppression could be removed by drug withdrawal or
symptomatic treatment. Nausea and vomiting, as the com-
mon gastrointestinal reaction, appeared in two (grades 2
and 3) and three (grades 1 and 3) cases, respectively. More-
over, nausea and vomiting could be remitted by receiving
5-hydroxytrptamin 3 antagonist. In addition, three patients
died of infection, with other reactions including fatigue
(five cases), constipation (four cases), and abnormal liver
function (two cases). Specific adverse events were recorded
in Table 2.

Discussion

PCNSL is a highly invasive and destructive malignant brain
tumor with rapid disease progression. Due to the similar
clinical presentation and radiological features compared
with other CNS mass lesions, establishing the diagnosis of
PCNSL is difficult as well as achieving the effective treat-
ment with good prognosis. Doucet et al reported that after
the confirmation of PCNSL diagnosis, there were 35%—60%
patients recurrent 2 years later and the prognosis was poor in
patients with median OS time for 8—18 months.!! Although
many reports have described the use of RT or chemotherapy
with varying degrees of activity, there has been still no
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Table 2 Adverse events associated with pemetrexed (N=17)

Toxicity Grade | Grade 2

Grade 3 Grade 4 Grade 5

Leukoencephalopathy
ALT/AST

Infection

Anemia

Leukopenia
Thrombocytopenia
Nausea

Vomiting

N — O W O N O O O

Fatigue

—NO ———0o0 —o0o

N

Constipation

— — NN — =000 —o0
Oco0ooo—-——0o0ooo
OO0 o0oo0oooowoo

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

standard therapeutic regimens for PCNSL. In our study, this
is the first report of using pemetrexed in recurrent PCNSL
in China. Considering the significant need for effective
salvage therapies in recurrent PCNSL patients, our study
was aimed to assess the efficacy and safety of pemetrexed
in these patients.

At present, there has been no universal consensus about
the treatment of recurrent PCNSL. In recent years, many new
medicines, such as temozolomide and rituximab, have been
widely used in the recurrent PCNSL patients of multicenter
clinical trials.'> Wong et al'® applied only temozolomide to
treat the seven PCNSL recurrent patients, and the results
showed that the progression-free survival time was 2 months,
followed by 4 months for OS time with the effective rate of
14%. Nayak et al'* carried out a phase II multicenter clini-
cal trial combining temozolomide and rituximab to treat the
recurrent PCNSL patients, and their study suggested that the
complete remission rate was 14% and the central progression-
free survival rate was 7 weeks. However, results of research
were not expectative.

Pemetrexed, an antitumor drug, has the advantage of
targeting more than 1 sites in the folate metabolism com-
pared with methotrexate. Moreover, it could interrupt purine
synthesis via thymidylate synthase and dihydrofolate
reductase inhibition, and pyrimidine synthesis via glycin-
amide ribonucleotide formyltransferase and aminoimidazole
carboxamide formyltransferase inhibition without hydration,
alkalization, and detoxication.' Raizer et al® performed a
research to study the content of pemetrexed in the CSF of
patients, and they found that the CSF content of pemetrexed
was 1%-3% of plasma, which was low but could target
the tumor cells and be efficiently tumoricidal. According
to the advantages of pemetrexed, it was considered that
pemetrexed may have a better efficacy for recurrent PCNSL
treatment. To our knowledge, there have been only two
studies involved in the efficacy of pemetrexed for recurrent

PCNSL patients around the world. A research program
funded by U.S. National Cancer Institute and Northwestern
University revealed that after five cycles of chemotherapy
with 900 mg/m? pemetrexed treatment for recurrent PCNSL
patients, the 6-month progression-free survival rate,
response rate, and disease control rate were 45%, 55%, and
91%, respectively.® Zhang et al’ performed a retrospective
study to review the outcomes and toxicities of pemetrexed
with modified doses for recurrent PCNSL patients, which
indicated that pemetrexed has activity in recurrent PCNSL
with modest toxicity. In addition, the results of this study
showed that the response rate was 64.7%, and the OS was
22.6 months. In our study, results in the recurrent PCNSL
patients were comparable with a response rate of 58.8%,
and the median OS of 7.8 months. According to the dose
of pemetrexed with 900 mg/m?, the toxicity seen in our
patients was higher than in prior studies, which may be a
result of the high standard dose and degree of initial therapy
with three infectious deaths. The increased toxicity may be
related with the high dose, and it may be decreased through
less standard dose.

Limitations of this study should be acknowledged. One
of the limitations is that our study, a quasi-experiment,
has inherent limitations including lack of randomization
and control. In addition, the differences in patient popu-
lations existed in our study which may affect the results
potentially.

Conclusion

This study has been the first clinical trial, which applied
pemetrexed to treat recurrent PCNSL patients in China,
and results indicated that the chemotherapy using large
pemetrexed may become an effective treatment for PCNSL
recurrence with modest toxicity. However, due to lack of
enough cases and experience, it should be further confirmed
through multicenter large-scale clinical trials.
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