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against a variety of malignancies and central
nervous system (CNS) tumors.? In a phase I
study,? intrathecal pemetrexed (IP) showed
controllable toxicities and potential promising
efficacy for refractory LMs from non-small-cell
lung cancer (NSCLC) patients. The recom-
mended dose of IP for LM was 10mg on a
schedule of 1-2 times per week based on phar-
macokinetic studies.?

Involved-field radiation therapy (IFRT) is a part
of the specific treatment of LM, which is defined
in the National Comprehensive Cancer Network
(NCCN) guidelines as radiotherapy to neuro-
logically symptomatic sites or visible CNS dis-
ease on neuroimaging findings, including whole
brain radiotherapy (WBRT) and partial spine
field. Radiotherapy has been proved to improve
neurologic function and control of parenchymal
brain metastases in LM treatment.* More impor-
tantly, radiotherapy is revealed to improve the
efficacy and attenuate toxicity of intrathecal
chemotherapy as a result of normal CSF rees-
tablishing,>% aspects that commend the require-
ment for early LM treatment.” In 1987,8 Hitchins
et al. reported that concurrent therapy of intrath-
ecal chemotherapy (methotrexate or arabino-
side) and CNS radiotherapy was associated
with significantly improved efficacy and no obvi-
ous CNS toxicity compared with single intra-
CSF chemotherapy. The concurrent therapeutic
modality was also administrated in another LM
study.?

LM patients with or without adverse prognostic
factors are divided into high-risk or low-risk
groups in NCCN guidelines. Up to date, few
therapeutic approaches are available for LM
patients with adverse prognostic factors. We have
previously reported for the first time in a pro-
spective study of concomitant intrathecal metho-
trexate combined with IFRT!? that the
concomitant regimen could improve the progno-
sis of LM patients with adverse prognostic
factors.

We conducted this study to demonstrate the
efficacy and safety of IP as first-line intrathecal
chemotherapy for patients with LM from solid
tumors. Furthermore, the study of effective
treatment modality is of great significance. The
feasibility and antitumor activity of IP com-
bined with IFRT were also assessed to validate
the efficacy and safety of the concomitant
regimen.

Patients and methods

Study design

In this phase I/II, open-label, single-arm study,
the feasibility, safety, and antitumor activity of IP
combined with IFRT were investigated. Patients
with LM from solid tumors with no history of
intra-CSF therapy were enrolled. The primary
endpoint was safety. The secondary endpoints
were response rate, neurological progression-free
survival (INPFS), and overall survival (OS).

This clinical trial had two stages. In phase I, six
patients were recruited to determine the feasibil-
ity and tolerability of concomitant regimen by
adverse events (AEs). Dose-limiting toxicity
(DLT) was defined as grade 3 neurological toxici-
ties (e.g., chemical meningitis) or any grade 4
toxicities. If two or more participants experienced
DLT in phase I, the regimen was considered too
toxic and the study was to be halted. Otherwise,
the study was moved into phase II and 28 more
patients were recruited. All patients were observed
to investigate the safety, response rate, NPFS,
and OS.

Patients

LM diagnosis was ascertained according to the
NCCN guidelines and the European Association
of Neuro-Oncology—European Society for Medical
Oncology (EANO-ESMO) guidelines.! The eligi-
bility criteria were: (i) patients with a confirmed or
probable diagnosis of LM; (ii) participants with
histologically or cytologically confirmed disease
from solid tumors; (iii) patients without a history
of intra-CSF therapy or WBRT; (iv) patients aged
between 18 and 75years. The exclusion criteria
were: (1) leukocyte count of <3.5X 10?1, or
platelet count of <100 X 10%l1; (ii) hepatic dys-
function (alanine aminotransferase >40U/I,
aspartate aminotransferase >40U/l) or renal dys-
function (serum creatinine >1.2mg/dl, blood
urea nitrogen >20mg/dl); (iii) patients with lethal
or extensive systemic diseases with few treatment
options; (iv) patients with poor compliance.

Treatment regimen

Patients received the same regimen in phase I
and phase II. Pemetrexed (Alimta, Eli Lilly and
Company) at a dose of 10 mg was administrated
by intrathecal injection wia lumbar puncture.
Dexamethasone at a dose of 5mg was also
administrated by intrathecal injection at each IP
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to minimize arachnoiditis. Vitamin B12 and folic
acid supplementation were given at the begin-
ning of IP administration. Vitamin B12 (1000 ug)
was given via intramuscular injection as a single
dose. Oral administration of folic acid (400 png,
q.d.) was given daily until 21 days after the last
IP. All participants were treated with induction
IP first. Concomitant IFRT given within 3 days
following induction IP was administrated with a
daily dose of 2 Gy X 5 days each week for 4 weeks
to a total dose of 40 Gy. The planning volume
consisted of sites of symptomatic disease and the
involved region observed on magnetic resonance
imaging (MRI), including the whole brain and
basis crania and/or segment of the spinal canal.
Concomitant IP was given on a schedule of once
per week for 4 times in 4weeks during IFRT.
For participants with severe neurological status
(e.g., severe headache, vomiting, confusion,
abnormal consciousness, or high seizure fre-
quency) who could not stay still long enough to
coordinate IFRT, successive induction IP was
given twice per week until improvement of neu-
rological status and radiotherapy cooperation.
Concomitant IFRT would be given as soon as
radiotherapy cooperation. If neurological status
presented continued deterioration after three
courses of induction IP or the participant
remained unable to coordinate radiotherapy
after four courses of IP, the participant was
determined as ineffective and taken off the study.

The schema of the treatment regimen is pro-
vided in Figure 1.

In patients who developed grade 3 neurological
toxicities or hematologic toxicities, treatment was
delayed until the AEs were controlled. Patients
with treatment cessation for more than 10 days or
patients determined as LM progression by neuro-
logical examination were withdrawn from the
study. Symptomatic therapy and supportive care
were permitted.

The study procedures were compliant with the
Declaration of Helsinki. The study protocols
were approved by the Ethics Committee of the
First Hospital of Jilin University (approval num-
ber: 18k017-001). Prior to treatment, written
informed consent about enrolling in this clinical
trial was obtained from each patient or their
guardians. This study (IPLM) was registered at
https://register.clinicaltrials.gov  [ClinicalTrials.
gov identifier:xNCT03507244].

Evaluation, outcomes, and follow-ups

The following parameters were determined before
treatment: general health conditions, Karnofsky
Performance Status Scale (KPS) score, neurologi-
cal status, Glasgow coma scale (GCS), CSF cytol-
ogy, CSF biochemistry, full blood count, and
multichannel biochemical profile. A standardized

Protocol schema

Concomitant therapy

Induction
therapy‘

RT: Five times per week

Ny

FTTTTT
T T

IP: Twice per week IP: Once per week

FTTTTT

HRRRRERRRER
T ) )

\[, RT : Involved field radiotherapy, 2 Gy X 20 fraction ; Total dose: 40 Gy

’[‘ IP : Intrathecal pemetrexed (pemetrexed 10 mg + dexamethasone 5 mg)

* Induction therapy was given first. Concomitant radiotherapy would be given within 3 days
following induction IP. For patients with serious neurological status who cannot stay still
long enough to coordinate the radiotherapy, successive induction IP was needed to be
given twice per week till improvement of neurological status and radiotherapy

cooperation.

Figure 1. Study schema.
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neurological examination, LM-related neurologi-
cal symptoms, and KPS records were performed
before and after treatment. Imaging examination
was used to evaluate systemic disease status. A
neurological examination was performed weekly.
The changes in neurological signs and symptoms,
as well as KPS, were recorded weekly. CSF cytol-
ogy examination was determined by three blinded
cytopathologists using Thinprep plus Papanicolaou
stain method every 2 weeks until 1 month after the
end of concurrent treatment. CSF cytology should
be monitored for at least 1 month in patients with
conversion of a previously positive CSF cytology
to negative. Cerebrospinal MRI was performed
before and after concurrent therapy completion
and repeated 4weeks later using a scanner of 3.0
T field strength. LM-related imaging findings
were recorded. AEs were evaluated by physical
examination, CSF examination, full blood count,
and multichannel biochemical profile monitoring
at least weekly during treatment according to the
Common Terminology Criteria for AEs (CTCAE,
version 4.03). Events of grade 4-5 were defined as
severe AEs.

Response assessment was determined by three
blinded neuro-oncologists according to the
RANO proposal criteria.!! Neuroimaging assess-
ment was performed according to the proposal
for a revised Leptomeningeal Metastasis Working
Group grid” by three neuroradiologists and two
neuro-oncologists. Patients with an improved
neurological assessment, cytological assessment,
or neuroimaging assessment but without neuro-
logical or neuroimaging progression were assessed
as response.

Follow-up physical examinations, standardized
neurological examinations, and CSF cytology
were carried out every 2-3months or at any
instance of suspected clinical progression until
death. Neuroimaging examinations were used to
assess CNS progression and AEs (e.g., leukodys-
trophy) and carried out every 2 months or at any
instance of suspected progression and CNS toxic-
ity. NPFS was defined as the time from the start
of treatment until LM progression or death.
LM progression was defined as follows: progres-
sively deteriorative neurological symptoms/signs
typically associated with LM for more than
1week; worsening LM-related neuroimaging
findings. All patients were followed-up until death
or for at least 8 months. Survival time was meas-
ured from the enrollment of this study until death
or the last follow-up.

Statistical analysis

The outcome measures were assessed on all par-
ticipants using intention-to-treat analyses. SPSS
17.0 software was used for data analyses. Survival
analyses were performed using the Kaplan—
Meier method. Log-rank test was used to com-
pare the survival time of patients. Univariate and
multivariate Cox regression analyses were car-
ried out to determine the risk factors of OS.
Fisher’s exact tests were used to evaluate the dif-
ference of response rate between patients with
various features. p < 0.05 demonstrated a signifi-
cant difference.

Results

Patient characteristics

Between April 2018 and December 2018, 34
participants were enrolled, including 6 cases in
phase I and 28 cases in phase II. LM diagnosis
was confirmed in 32 cases and probable in 2
cases according to the EANO-ESMO guide-
lines.! All patients showed LLM-related neuro-
logical symptoms. Twenty-eight patients
presented with LM-related neurological dys-
functions. Thirty-two participants presented
with positive CSF cytology. Thirty participants
showed LM-related neuroimaging findings and
4 with normal neuroimaging. Thirty-one patients
presented at least one adverse prognostic factor.
These factors consisted of KPS score less than
60 (n=24), severe and multiple neurological
deficits (#=26), encephalopathies (z=13), and
bulky brain metastases (n=6). Active systemic
disease was observed in 14 patients. Fifteen
patients had stable systemic disease outside the
CNS. Systemic diseases were not observed in
five patients. Twenty-nine patients had received
systemic therapy before enrollment. In a total of
21 NSCLC patients, 15 patients had EGFR
mutations detected and 6 were EGFR wild type.
Prior to enrollment, 13 patients had received
EGFR-tyrosine kinase inhibitor (TKI) agents
including 12 cases with first-generation EGFR-
TKI, 1 with second-generation EGFR-TKI, and
5 with first-generation and third-generation
EGFR-TKI. Patients’ characteristics are sum-
marized in Table 1.

Treatment

Among the six patients enrolled in the phase I
study, five participants completed the concomi-
tant treatment. No DLT was observed. Then,
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Table 1. General information of the patients prior to Table 1. (Continued)

treatment.
Characteristic n=34 (%)
Characteristic n=34 (%) _ _ _
Serious, multiple or major 26 (76%])
Gender neurologic deficits
Male 15 (44%) Coexistent brain 6 (18%)
metastasis (short diameter
Female 19 (56%) >1cm)
Median age 56 (43-73) years Encephalopathy 13 (38%)
Onset as LM# 5 (15%) NSCLC participants 21 (62%)
Pathological types of primary disease EGFR mutation 15 (71%)
NSCLC® 21 (62%) EGFR wild type 6 (29%)
SCLC 5 (15%) TKI therapy prior to 13 (38%)
Breast cancer 4 (12%) enrollment
1 — H - 0,
Otherse 4 (12%) '|F|I£|Sst generation EGFR 12 (35%])
Neuroimaging features Second-generation EGFR- 1 (3%)
Positive 30 (88%) TKls
Negative 4 (12%) Pllill;d-generation EGFR- 5 (15%)

CSF biochemistry CSF, cerebrospinal fluid; EGFR, epidermal growth factor

Abnormal 28 (82%) receptor; GCS, Glasgow coma scale; KPS, Karnofsky
Performance Status Scale score; LM, leptomeningeal
Negative 6(18%) metastases; NSCLC, non-small-cell lung cancer; SCLC,

small-cell lung cancer; TKI, tyrosine kinase inhibitor.

CSF cytology aLM was the initial manifestation of malignancy.
bIncludes lung adenocarcinoma (n=20) and pulmonary
Positive 32 (94%) neuroendocrine carcinoma (n=1).
cIncludes gastric adenocarcinoma (n=2), glioblastoma
Negative 2 (6%) (n=1), and endometrial cancer (n=1).
GCS
15 12 (35%)
13-14 10 (29%) another 28 patients were enrolled. The study pro-
9-12 10 (29%) file was provided in Figure 2.
3-8 2 (6%) All patients received induction IP. Owing to seri-
KPS 10-90 ous neurological status, 12 participants received

successive induction IP prior to concomitant
80-90 2 (6%) therapy. Ten participants presented with
improved neurological symptoms/signs and radi-

60-70 8 (24%] otherapy tolerance after induction IP. Two cases
40-50 8 (24%) presented with progressive and uncontrolled LM
disease after induction IP and died 3-5 days later

10-30 16 (47%) after the third and fourth IP. Thirty-two patients
Median KPS ADlScore (94%) received concurrent therapy. Thirty-one
patients received WBRT. Three patients received

Adverse prognostic factors 31 (91%) lumbosacral spinal irradiation, including two that
KPS < 60 2% (71%) received both WBRT and partial spinal field

irradiation. Twenty-five (74%) patients com-
(Continued]  pleted the concurrent therapy, including 1 with
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Study profile

| 46 screened for eligibility |

S

12 excluded
8 not meet the inclusion criteria
4 withdraw consent

34 enrolled

| 6 cases phase 1 |

2

v

!

| 28 cases phase 2 |

)

)

v

2 induction IP of
more than 1 time

4 induction IP of

10 induction IP of
more than 1 time

2 withdrew due
to LPD

18 induction IP
of 1time

1time
|

v

l 6 concurrent therapy J

1 withdrew due to
LPD and SPD

l 5 completed concurrent therapy ]

|

v

| 26 concurrent therapy I

6 withdrew due to 2
AEs, 3SPD, 1LPD

l 20 completed concurrent therapy |

v

| 4 no subsequent therapy l | 21 subsequent therapy I

Figure 2. Study profile.

J N 15 targeted
3 salvage intrathecal 21 subsequent therapy
chemotherapy systemic therapy -
6 systemic
chemotherapy

AEs, adverse events; IP, intrathecal pemetrexed; LPD, leptomeningeal metastases progressive disease; SPD, systemic

progressive disease.

temporary cessation (5days) due to grade 3 mye-
losuppression. Seven patients failed to complete
the concomitant therapy due to systemic disease
progression (n=3), LM and systemic disease pro-
gression (n=1), deteriorating brain edema (n=1),
and AEs (n=2). A total of 165 courses of IP were
given.

Eleven NSCLC patients with EGFR driver onco-
gene continued previous molecular target therapy
during this study, including six patients with
active systemic diseases. One patient with glio-
blastoma received temozolomide chemotherapy
in the study. Eight patients with active systemic
diseases, including small-cell lung cancer (SCLC,
n=1), breast cancer (n=2), gastric adenocarci-
noma (n=1), and NSCLC (n=4), did not receive
systemic chemotherapy owing to low KPS score

(less than 50) or severe neurological status. Thirty
patients (88%) received symptomatic treatment
or supporting treatment. Treatment outcomes
are summarized in Table 2.

Safety and toxicity

All participants were evaluated for AEs. Mild or
moderate skin reactions and hair loss were com-
mon radiotherapy-related AEs. Radiotherapy-
related mild and moderate otitis media was
observed in three patients. The major AEs were
myelosuppression (z=13), radiculitis (z=4),
and elevation of hepatic aminotransferases
(EHA, n=10). The total rate of AEs was 53%
(18/34). Six patients (18%) had grade 3 AEs,
including myelosuppression (z=2), EHA (n=3),
and radiculitis (z=1). Only one patient (3%)

journals.sagepub.com/home/tam
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Table 2. Treatment outcomes.

Table 3. Adverse events and toxicities.

Characteristics n=34 Variables n=34 (%)
Total IP courses 165 times Major adverse events 18 (53%)
Induction IP 34 (100%) I-1l degree 11 (32%)
One course of induction IP 22 (65%) Il degree 6 (18%)
Two courses of induction IP 6 (18%) IV degree 1(3%)
: - 0
Three courses of induction IP 4(12%) Hematologic toxicities 13 (38%]
] ] I-1l degree 10 (29%)
Four courses of induction IP 2 (6%])
Il degree 2 (6%)
Concomitant therapy 32 (94%])
IV degree 1 (3%)
Completion of concomitant 25 (74%) )
therapy Leukopenia 8 (24%)
Uncompleted concomitant 9 (26%) Ll el e 6 (18%)
therapy Il degree 1 (3%)
Owing to LPD 3 (9%) IV degree 1(3%)
Owing to SPD 3 (9%) Thrombocytopenia 11 (32%)
Owing to LPD and SPD 1(3%) -1l degree 8 (24%)
OWIng to AEs ) [60/0] 11 degree 2 [60/0]
0,
Continued TKI therapy during this 11 (32%) JV dlegies 13%]
study Elevation of hepatic 10 (29%)
inot f
Systemic chemotherapy during 1 (3%) aminotransterases
this study | degree 4 (12%)
Subsequent targeted therapy 15 (44%) Il degree 3(9%)
after this study? lll degree 3 (9%]
Subsequent systemic - 6 (18%) Radiculitis 4 (12%)
chemotherapy after this study
Salvage intrathecal 3 (9%) dlsgiee 2 (6%I
chemotherapy Il degree 1(3%)
AE, adverse event; IP, intrathecal pemetrexed; LPD, [l degree 1(3%)
leptomeningeal metastases progressive disease; SPD,
systemic progressive disease; TKI, tyrosine kinase Leukoencephalopathy (n=17) 8 (47%)
inhibitor. _ o
alncludes EGFR-TKI therapy (n=14) and bevacizumab Sl clEgee o IEU%)
(n=1). Il degree 1(6%)

experienced severe AEs shown as myelosuppres-
sion (Table 3).

The incidence of myelosuppression was 38%
(13/34) and of severe myelosuppression was 3%
(1/34). The incidence of thrombocytopenia
(32%, 11/34) was higher than that of leukopenia
(24%, 8/34). Ten patients did not receive folic
acid daily supplementation at the beginning of
treatment owing to severe illness. Seven of them

developed grade 1-3 myelosuppression within
1-2weeks. In the remaining 24 patients who had
received folic acid daily supplementation at the
beginning of treatment, six patients developed
grade 1-4 myelosuppression. The hematological
toxicities were recovered in 10 patients after
increasing folic acid dose to 800 ug per day and
symptomatic treatment, including recombinant
human granulocyte colony-stimulating factor
(rhG-CSF), recombinant human interleukin 11
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(rhIL-11), and recombinant human thrombopoi-
etin (thTPO). Two patients did not complete
concurrent therapy owing to persistent myelosup-
pression and treatment delay for more than
10days. These two patients were the only vege-
tarians in the study.

The incidence of EHA was 29% (10/34) and the
incidence of grade 3 EHA was 9% (3/34). EHA
occurred after two or three courses of IP in nine
patients. It is worth noting that delayed grade 2
EHA occurred in a breast cancer patient 1week
after the completion of concurrent therapy, sug-
gesting that liver function should be tested till at
least 2weeks after the treatment. Agents includ-
ing glutathione, monoammonium glycyrrhizinate,
and bicyclol were given in four patients with grade
2-3 EHA who showed a gradual decrease of
hepatic aminotransferases in 1-3weeks and
reached normal ranges within 1-2 months.

The incidence of radiculitis was 12% (4/34). Only
one patient showed grade 3 radiculitis. Radiculitis
commonly occurred after 3—4 courses of I mani-
fested as symptoms of nerve root irritation,
including severe numbness and pain of lower
extremities and bilateral hips. The symptoms dis-
sipated spontaneously 1-2 weeks after concurrent
therapy.

Leukoencephalopathy refers to a type of delayed
and chronic neurotoxicity assessed by neuroimag-
ing. Two patients had preexisting leukoencepha-
lopathy prior to treatment that did not worsen
after concurrent therapy. A total of 17 patients
received cranial MRI within 1-15months after
concomitant therapy, 8 of whom presented with
leukoencephalopathy (Table 3). No significant
neurological symptoms or signs were observed
except for mild or moderate short-term memory
loss, depression or dullness of mind in five
patients.

Response evaluation

Response evaluation and outcomes are listed in
Table 4. In the neurological assessment, 18
patients presented with an improvement of neuro-
logical dysfunction after treatment. Four cases of
neurological dysfunction worsened. Twelve cases
were stable, including six cases without neurologi-
cal deficits prior to treatment. Twenty-eight
patients showed remission of symptoms associ-
ated with LM. The median KPS score was 70
after treatment.

CSF cytological examinations were not reviewed
after treatment in nine patients who did not com-
plete the treatment schema, including two
patients with a conversion of CSF cytology from
positive to negative and seven that remained posi-
tive. These patients could not be evaluated as
cytological response due to failing to meet the
requirement of maintaining negative cytology for
4weeks. In the CSF cytologic evaluation, eight
patients were assessed as cytological response.
CSF cytology was stable in 17 patients, 2 of which
remained negative and 15 remained positive.

Nine patients who did not complete the treat-
ment schema were not followed up by MRI after
treatment. In neuroimaging assessment, 25 par-
ticipants with repeated MRI after treatment were
evaluated. Nine patients were assessed as
improved and 16 patients were stable or equivo-
cal, including 4 of whom that remained negative
and 12 with positive neuroimaging findings.

Twenty-three patients were assessed as response,
including three cases with improved neuroimag-
ing assessment, improved neurological examina-
tion, and cytological response, three with
improved neurological examination, improved
neuroimaging assessment, and stable CSF
cytology, one with improved neurological exami-
nation, cytological response, and stable neuro-
imaging assessment, nine with improved
neurological examination, stable neuroimaging
assessment, and stable CSF cytology, three with
improved neuroimaging assessment, stable neu-
rological examination, and stable CSF cytology,
four with cytological response, stable neuroimag-
ing assessment, and stable neurological examina-
tion. Two patients were assessed as stable disease
based on stable neurological exam, neuroimaging
assessment, and CSF cytology. Four patients
were assessed as having progressive disease based
on worsening neurological examination. The
remaining five participants without MRI or CSF
review after treatment were not evaluable.

On intention-to-treat analysis, the response rate
was 68% (23/34). The total disease control rate
(DCR) was 74% (25/34). The response rates
based on pathological types were evaluated, and
the response rates were 67% (14/21) for NSCLC,
80% (4/5) for SCLC, 75% (3/4) for breast can-
cer, and 50% (2/4) for other tumors. Stable
patients included two lung adenocarcinoma
patients. Progressive disease patients included
one with breast cancer, one with gastric
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Table 4. Clinical response evaluation and outcomes.

Characteristics n=34
Neurological exam assessment
Improved 18 (53%)
Worse 4 (12%)
Stable 12 (35%)
Neurological symptoms assessment
Improved 28 (82%)
Worse 4 (12%)
Stable 2 (6%)
CSF cytological assessment
N/A 9 (26%)
CSF cytological response 8 (24%)
Stable positive 15 (44%)
Stable negative 2 (6%])
Neuroimaging assessment
N/A 9 (26%)
Definite improvement 9 (26%)
Stable/equivocal 16 (47%)
Clinical response evaluation
Response? 23 (68%)
Progressive or refractory 4 (12%)
disease®
Stable disease 2 (6%)
N/A 5 (15%)
Median NPFS 3.5 (range
0.3-15.2)
months
Median 0S 5.5 (range
0.3-16.6)
months

CSF, cerebrospinal fluid; N/A, not applicable assessment;
NPFS, neurological progression-free survival; 0S, overall
survival.

aThe three elements (neurological examination, CSF
cytology examination, and neuroimaging examination) are
used together according to the Response Assessment in
Neuro-Oncology (RANO) proposal.

bPatients presented progressively deteriorative
neurological symptoms/signs typically associated with LM
or worsening LM-related neuroimaging findings.

adenocarcinoma, and two with NSCLC. In 12
patients receiving successive induction IP, the
response rate was 58% (7/12) and the progressive
disease rate was 25% (3/12). The remaining two
patients were not applicable assessments. In 22
patients receiving one course of induction IP, the
response rate was 68% (15/22) and the progres-
sive disease rate was 5% (1/22). The response
rate was not influenced by courses of induction IP
(p=0.459).

A Fisher’s exact test was applied to the baseline
patient characteristics listed in Table 1. Response
rate was not influenced by age (p=1.000), gender
(»p=1.000), severe and multiple neurological
deficits (p=0.638), KPS score <40 (»p=0.717),
KPS score<60 (p=0.437), encephalopathy
(»=0.262), primary lung cancer (p=1.000),
NSCLC with EGFR-mutation (p=1.000), previ-
ous TKI therapy (p=0.709), and continued TKI
therapy during this study (p=1.000). The follow-
ing factors have potential trends for significant
differences, including previous systemic peme-
trexed chemotherapy prior to enrollment
(p=0.178) and the onset of LM (»p=0.150). DCR
was not influenced by age (p=1.000), gender
(p=0.462), severe and multiple neurological defi-
cits (p=1.000), KPS score <40 (»p=0.250), KPS
score <60 (p=0.225), multiple induction IP
(»p=0.224), onset of LM (»p=0.293), primary
lung cancer (»p=0.704), EGFR-mutation
(»=0.697), previous EGFR-TKI therapy
(»p=1.000), and continued TKI therapy during
this study (p=0.682). The following factors have
potential trends for significant differences, includ-
ing encephalopathy (p=0.057) and previous sys-
temic pemetrexed chemotherapy (p=0.061). No
statistical difference was observed in the response
of the patients with various primary tumors
(Table 5).

Follow-up, subsequent treatments, and

outcomes

Twenty-one patients received subsequent sys-
temic therapy. Among these cases, six received
systemic chemotherapy using etoposide and cispl-
atin (n=2), capecitabine (z=1), pemetrexed and
cisplatin (z=2), and docetaxel (z=1). Fifteen
patients received molecular targeted therapy using
TKIs [erlotinib (n=2), icotinib (n=2), gefitinib
(n=4), aftinib (n=1), and osimertinib (z=7)] or
bevacizumab (z=1). One breast cancer patient
received hormonal therapy. In 25 patients who
were evaluated as responding or stable, 11 patients
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Table 5. Clinical response, NPFS, and OS of patients with various

pathological features.

NSCLC SCLC Breast cancer Others
(n=21) (n=5) (n=4) (n=4)
Response 14 (67%) 4 (80%) 3 (75%) 2 (50%)
Stable disease 2 (10%) 0 0 0
Progressive 2 (10%) 0 1(25%) 1(25%)
disease
N/A assessment 3 (14%) 1(20%) 0 1(25%)
Median NPFS 6.5 3.5 2.5 1.5
(months)
Median 0S 7.3 3.9 3.3 1.5
(months)

N/A, not applicable assessment; NPFS, neurological progression-free survival;
NSCLC, non-small-cell lung cancer; 0S, overall survival; SCLC, small-cell lung

cancer.

No statistical difference was observed in the response assessment of the patients
with various primaries (p=0.878, 1.000, 0.317).
No statistical difference was observed in NPFS of the patients with various

primaries (p=0.859).

No statistical difference was observed in OS of the patients with various primaries

(p=0.826).

were determined as relapsing in the follow-up.
Five patients only received supportive care and
died within 4weeks. Six patients received salvage
treatment, including salvage intrathecal chemo-
therapy (#=3) and the third-generation TKI
agent (n=3). Three patients, including two cases
of breast cancer and one NSCLC patient with
EGFR wild type, were treated with intrathecal
methotrexate after LM relapse, which was invalid
and LM was progressed. After switching to IP, the
condition was relieved. Three NSCLC patients
with EGFR mutation who had received the first-
generation targeted agents previously were treated
with osimertinib at 160mg per day after LM
relapse, but it was ineffective in two of the patients
and they died within 4weeks. The treatment was
effective in the other patient who survived for
10 months after relapse.

All patients were followed up 0.3-16.6 months
until 30 August 2019. Median NPFS was 3.5
(range 0.3-15.2) months (95% confidence inter-
val [CI], 0-8.1 months). Six-month NPFS rate
was 47%. Median OS was 5.5 (range 0.3-16.6)
months (95% CI, 0.2-10.8 months). One-year
survival rate was 21.6%. Twenty-five patients
died. Twenty-two (92%) died from

cancer progression, among whom 12 (48%) died
exclusively from LM, 8 (32%) exclusively from
systemic disease. The remaining two patients
(8%) died from non-cancer disease. The median
OS for NSCLC, SCLC, breast cancer, and other
tumors patients was 7.3, 3.5, 3.3, and 1.5 months,
respectively (Table 5). No statistical difference
was observed in the OS (p=0.826). The median
OS for NSCLC patients with EGFR mutation
and others were 8.5months and 3.3 months
(p=0. 052), respectively.

On univariate analyses by Cox regression analysis,
OS was not influenced by age (p=0.999), gender
(p=0.620), severe and multiple neurological
deficits (p=0.182), KPS score <40 (p=0.685),
KPS score<60 (p=0.917), encephalopathy
(p=0.897), onset of LM (p=0.437), previous sys-
temic pemetrexed chemotherapy (p=0.378), pri-
mary lung cancer (p=0.443), NSCLC with
EGFR-mutation (p=0.059), previous TKI ther-
apy (p=0.897), and continued TKI therapy dur-
ing this study (p=0.917). Twelve patients with
severe conditions receiving successive induction
IP showed inferior OS than those received one
course of induction IP (3.3 versus 5.6 months,
p=0.351). The CSF cytological response and
improved neuroimaging assessment showed no
protective effects against the OS (p=0.195 and
p=0.271, respectively). Several variables were
found to be associated with significantly improved
OS: clinical response (p=0.000), improved neu-
rological dysfunction (p=0.005), accomplished
concomitant therapy (p=0.000), subsequent TKI
therapy after this study (p=0.026), and subse-
quent systemic therapy (p=0.000). Multivariate
analyses revealed that NSCLC patients with
EGFR-mutation (p=0.093) was a potential pro-
tective prognostic factor. In addition, primary
lung cancer (p=0.654), successive induction IP
(p=0.371), or previous systemic pemetrexed
chemotherapy (p=0.336) caused no significant
effects on prognosis.

On univariate analyses, NPFS was not influenced
by age (p=0.762), gender (p=0.416), severe
and multiple neurological deficits (p=0.226),
KPS score<40 (»p=0.894), KPS score<<60
(p=0.981), encephalopathy (p=0.431), onset of
LM (p=0.338), previous systemic pemetrexed
chemotherapy (p=0.431), primary lung cancer
(»p=0.460), EGFR-mutation (»p=0.071), previ-
ous TKI therapy (p=0.469), and continued TKI
therapy (p=0.503). Patients that received succes-
sive induction IP showed inferior NPFS than
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those received one course of induction IP (2.5
versus 5.6 months, p=0.287). The CSF cytologi-
cal response and improved neuroimaging assess-
ment showed no protective effects against the
NPFS (»p=0.195 and p=0.256, respectively).
Significant NPFS benefits were observed in
patients with clinical response (p=0.000),
improved neurological dysfunction (»p=0.005),
accomplished concomitant therapy (p=0.000),
subsequent TKI therapy (p=0.032), and subse-
quent systemic therapy (p=0.000).

Separate analyses on OS were performed in 21
patients with NSCLC. On univariate analyses by
Cox regression analyses, OS was not influenced by
age (p=0.421), gender (p=0.916), severe and
multiple neurological deficits (p=0.175), KPS
score <40 (p=0.328), KPS score <60 (p=0.494),
onset of LM (p=0.558), encephalopathy (p=0.668),
previous systemic pemetrexed chemotherapy
(»=0.199), successive induction IP (p=0.539),
previous TKI therapy (p=0.542), and continued
TKI treatment during this study (p=0.547). Three
variables were found to be associated with signifi-
cantly improved OS, including accomplished con-
comitant therapy (p=0.001), NSCLC with
EGFR-mutation (p=0.035), and subsequent TKI
therapy (p=0.008).

Discussion

This is the first clinical trial on IP as the first-line
intrathecal chemotherapy for LM from solid
tumors. In this study, IP at a dose of 10mg com-
bined with IFRT showed the feasibility and con-
trollable AEs. Meanwhile, it presented satisfactory
efficiency in patients with adverse prognostic fac-
tors. It has been proved that pemetrexed as a
novel intrathecal drug exhibited promising anti-
tumor effects in CSF with a recommended dose
of IP of 10mg on the schedule of 1-2 times per
week. Moreover, the concomitant therapeutic
modality is an optimal treatment option for LM
from solid tumors.

It was previously thought that, for patients with
adverse prognosis factors, the clinical status may
be improved by intrathecal chemotherapy; how-
ever, patients commonly relapse within a short
time.1213 LM-specific treatment did not provide
survival benefits.1418 In our previous study, con-
comitant radiotherapy contributed to long-term
neurologic remission and extension of OS that
revealed several advantages of concurrent ther-
apy.l® In addition, pemetrexed is a multi-

targeted antifolate agent. By targeting different
enzymes, pemetrexed affects the synthesis of sub-
strates necessary for cell growth and division and
causes cell cycle arrest by an accumulation of cells
in the G1 phase.!® Cancer cells at G1 phase are
sensitive to irradiation. Hence, the concurrent
regimen of radiotherapy and pemetrexed contrib-
utes to synergistic antitumor effects in theory.

In this study, the concomitant regimen of IP
combined IFRT was effective for LM from vari-
ous primary solid tumors. Compared with the
previous study on intra-methotrexate and concur-
rent IFRT, the 1-year survival rate was similar,
but the median OS of this study was shorter than
that of the previous study (5.5months wversus
6.5 months).1% It may be related to the following
factors. First, the proportion of critically ill
patients is higher in this study, especially 47% of
patients with 10-30 KPS score. Second, mainte-
nance intrathecal chemotherapy was not designed
in this study. Patients in this study received fewer
courses of intrathecal chemotherapy than in the
previous study. This may have an adverse effect
on OS and NPFS. However, it is worth noting
that the application of intra-methotrexate as sal-
vage intrathecal chemotherapy was ineffective in
two patients with LM relapse, and the following
salvage IP was effective. This indicates that pem-
etrexed presented a potentially stronger antitu-
mor effect than methotrextate in CSF.

Several variables were found to be associated with
significantly improved OS and NPFS, including
clinical response, improved neurological dysfunc-
tion, accomplished concomitant therapy, subse-
quent TKI therapy, and subsequent systemic
therapy. It should be noted that most patients
treated with subsequent systemic therapy were
clinical response (81%, 17/21, p=0.060) or dis-
ease control (90%, 19/21, p=0.013). Therefore,
it is not clear whether the subsequent systemic
treatment has a specific survival benefit to LM.
However, patients treated with subsequent TKI
therapy had no significant difference in response
(p=1.000) or disease control (p=0.250). In addi-
tion, in multivariate analyses, the pathological
type of NSCLC showed no protective effects
against OS, but NSCLC with EGFR-mutation
was a potential protective prognostic factor
(p=0.093). It indicated that the subsequent
application of TKI therapy had a potential sur-
vival benefit in NSCLC patients with EGFR-
mutation. In this study, NSCLC patients
exceeded 60%. 72% (16/22) of NSCLC patients
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had EGFR-mutation. Among them, 13 patients
(81%, 13/16) had previously applied TKI ther-
apy. For these patients, intrathecal chemotherapy
and radiotherapy are the main treatment options
for LM. In conclusion, for LM patients from
NSCLC with EGFR-mutation, the treatment
modality of concurrent therapy followed by TKI
therapy presented a good survival benefit.

A problem worthy of attention is whether IP was
still effective for patients who had received sys-
temic pemetrexed chemotherapy previously. In
this study, seven NSCLC patients had previously
received systemic pemetrexed chemotherapy
prior to enrollment. The OS of these patients was
inferior to others (2.0 months versus 5.6 months,
p»=0.373). Among the seven patients, three
responded, one progressed, and three patients
were not applicable to assessment owing to
uncompleted concurrent therapy. In addition,
previous systemic pemetrexed chemotherapy
showed a tendency of significantly inferior DCR
(p=0.061), indicating that previous systemic
pemetrexed chemotherapy was a potential
adverse factor for IP therapy, which deserves fur-
ther study.

The main AEs in this study were consistent with
the previous phase I IP study. Hematologic toxic-
ity was still one of the main factors that interfere
with the treatment. Hematologic toxicities
occurred in 70% (7/10) of patients who did not
receive folic acid supplementation on time, as
compared with 25% (6/24) in the remaining
patients. It further proved that folic acid supple-
mentation was indispensable. For patients who
cannot take folic acid orally, alternative routes are
needed. Only two patients were vegetarians in
this study. Both did not complete concurrent
therapy owing to persistence grade 3—4 hemato-
logic toxicities. This suggested that vegetarian
patients should use IP with caution. If IP is
required, high-dose folic acid supplements should
be taken before treatment.

In this study, the incidence of grade 3 EHA was
consistent with the previous phase I IP study (8%
versus 9%),> and similar to systemic pemetrexed
chemotherapy.2® The total incidence of EHA was
higher compared with previous studies.?20
However, most of the patients with grade 1-2
EHA did not receive any treatment and returned
to normal or stable condition within 2-3 weeks.
We speculated that EHA is partially attributed to
the frequency of pemetrexed regimens in our

previous study.? In this study, we further proved
that the frequency of IP is associated with EHA.
There were three patients with grade 3 EHA in
this study, two of whom (67 %) received three and
four courses of induction IP (twice per week).
From another perspective, a total of six patients
in this study received 3—4 courses of induction IP,
of which 33% (2/6) had grade 3 EHA. Meanwhile,
of the remaining 28 patients who did not receive
more than 2 courses of induction IP, only 1 (4%)
had grade 3 EHA, indicating that IP administra-
tion twice per week for more than three succes-
sive courses may increase the incidence of
high-grade EHA. It may hamper hepatic metabo-
lism that the interval of IP regimen was extremely
shorter than systemic administration.

The incidence of radiculitis was obviously lower
than that of previous phase I IP study. This may
be associated with the fact that most of the par-
ticipants in that study had received multiple
courses of intrathecal chemotherapy previously.

Compared with the previous study on concurrent
therapy of intra-methotrexate and IFRT,!? the
severe AEs rate was only 3% in this study, which
was much lower. The incidences of hematological
toxicities and EHA were higher in this study.
However, these AEs are often controllable and do
not significantly affect the quality of life of patients.
In addition, the incidences of mucositis and radic-
ulitis were lower compared with that study. The
safety of pemetrexed, especially the CNS toxici-
ties, is not inferior compared with other intra-CSF
agents, including topotecan and etoposide.21:22
No acute or subacute CNS toxicity was observed.
Moreover, in the case of combined concurrent
radiotherapy, pemetrexed showed a Dbetter
response rate, 6-month NPFS, and median OS.

There were limitations in this study. First, we did
not objectively verify the reestablished normal
CSF flow before and after the concurrent therapy
using CSF flow scan, which was not routinely
carried out by any medical institution in main-
land China to the best of our knowledge. Second,
the intrathecal approach is not used as a common
therapeutic method for LM treatment, especially
in developed countries. Intraventricular adminis-
tration is acknowledged as an administration
route with several advantages.?> However,
because of the risk and complications in reservoir
implantation surgery and high medical and nurs-
ing expenses, intraventricular administration was
not carried out routinely for LM treatment by
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any medical institutions in mainland China to
the best of our knowledge. Intrathecal injection is
still the most common route of administration
for LM. Indeed, intraventricular administration
may provide a better drug CSF distribution and
potential therapeutic advantages than lumbar
puncture administration. Further study is war-
ranted. Last, LM is an end-stage cancer compli-
cation. Several complex factors, such as primary
tumor type, previous treatment, systemic tumor
status, follow-up treatment, etc., may have a
potential effect on the OS and NPFS.

Despite the unavoidable limitations, pemetrexed
showed a promising antitumor effect and low rate
of AEs in intrathecal administration. This study
revealed that pemetrexed at a 10mg dose on a
schedule of 1-2 times per week was applicable to
intrathecal administration for patients with LM
from solid tumors. Pemetrexed is a novel intrath-
ecal chemotherapy agent with safety and efficacy.
In addition, the concomitant regimen is an effec-
tive therapeutic option, especially for LM patients
with adverse prognosis factors.
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