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The prognosis of leptomeningeal metastasis (LM) from solid tumors is extremely poor, especially for patients with adverse

prognostic factors. In this phase II clinical trial, we evaluated the efficacy and safety of intrathecal chemotherapy (IC) com-

bined with concomitant involved-field radiotherapy (IF-RT) for treating LM from solid tumors with adverse prognostic factors.

Fifty-nine patients with LM from various solid tumors were enrolled between May 2010 and December 2014. Concurrent ther-

apy consisted of concomitant IC (methotrexate 12.5–15 mg and dexamethasone 5 mg, weekly) and IF-RT (whole brain and/or

spinal canal RT, 40 Gy/20f). For patients with low Karnofsky performance status (KPS) score and radiotherapy intolerance,

induction IC (1–3 times) was given before concurrent therapy. Thirty-eight patients (64.4%) received subsequent treatments.

All patients were followed up at least 6 months after LM diagnosis or until death. Primary endpoint evaluated was clinical

response rate. Secondary endpoints were overall survival (OS) and safety. The pathological types included lung cancer

(n 5 42), breast cancer (n 5 11) and others (n 5 6). Median KPS score was 40 (range 20–70). Fifty-one patients (86.4%) com-

pleted concurrent therapy. The overall response rate was 86.4% (51/59). OS ranged from 0.4 to 36.7 months (median 6.5

months), and 1-year-survival rate was 21.3%. Treatment-related adverse events mainly included acute meningitis, chronic-

delayed encephalopathy, radiculitis, myelosuppression and mucositis. Twelve patients (20.3%) had grade III–V toxic reactions.

We concluded that IC combined with concomitant IF-RT, with significant efficacy and acceptable toxicity, may be an optimal

therapeutic option for treatment of LM from solid tumors with adverse prognostic factors. LM, in which cancer cells spread to

membranes enveloping the brain and spinal cord, is a devastating complication of solid cancers. Existing LM therapies center

on IC. In this prospective clinical study, the authors combined intrathecal methotrexate with involved-field radiotherapy in a

concomitant regimen, showing that the approach can potentially improve quality of life for patients with adverse prognostic

factors. Concurrent radiotherapy-bolstered IC by contributing to prolonged remission of neurological symptoms and increasing

OS. The findings suggest that the concomitant regimen could be an optimal treatment option for LM.

Leptomeningeal metastasis (LM) is a lethal complication of
solid tumors. Despite specific treatment, the median overall
survival (OS) is limited to 2–3 months and the 1-year-survival
rate is <15% worldwide.1 Several factors are associated with
poor prognosis of LM, such as Karnofsky performance status

(KPS) score of< 60, multiple and severe neurologic deficits,
bulky central nervous system (CNS) disease, encephalopathy
and extensive systemic disease with few treatment options.2–6

For these patients, LM-specific treatment is ineffective and the
prognosis is extremely poor. 3,4,7–10 Palliative treatment is
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proposed by National Comprehensive Cancer Network
(NCCN), however, it merely improves neurologic symptoms
without extending patients’ survival.11,12 For patients with good
prognostic factors such as high KPS score, no major neurologic
deficit, minimal systemic disease or reasonable systemic treat-
ment options, involved-field radiotherapy (IF-RT) therapy was
suggested by NCCN guidelines to the bulky disease and/or
symptomatic sites firstly. Subsequently, cerebrospinal fluid
(CSF) flow scan was suggested, and intrathecal chemotherapy
(IC) was proposed to the LM patients with normal CSF flow.

The aim of LM-directed treatment is to maintain or stabilize
the neurological status, improve quality of life and prolong sur-
vival. Up to now, IC is the mainstay for the treatment of LM
from solid tumors,1,13,14 despite no study has confirmed the
interest of intra-CSF therapy until now. Methotrexate (MTX)
and liposomal cytarabine are the most frequently used agents
for IC of LM from solid tumors. Liposomal cytarabine showed
a better neurological progression-free survival and a better
impact on the quality of life.15–17 Nevertheless, all of the
included subjects were suffered from lymphoma in these stud-
ies except one17 including patients with breast cancer, lung can-
cer, melanoma, primary brain tumor and other conditions.
DepoCyt is approved only for lymphomatous meningitis but is
often used off label for LM from solid tumor.1

Currently, the most common regimen of intrathecal MTX
was on a twice-weekly schedule for 4 weeks, followed by a
decrease in frequency for 3–6 months.1,18,19 IF-RT to sympto-
matic sites, sites of CSF flow block and bulky disease observed
on MRI, is also a candidate for LM-related treatment.1 Whole
brain radiotherapy has been proved to induce neurologic
improvement11 and control of parenchymal brain metastasis.
Besides, irradiation could eliminate the tumor mass not treat-
able by intra-CSF chemotherapy.20 Furthermore, radiotherapy
is also indicated to reestablish normal CSF following documen-
tation of CSF flow block to permit improved efficacy and
decreased toxicity of intra-CSF chemotherapy,8,21 aspects that
commend the need for early LM treatment.1,22

Comprehensive treatment is an option for LM treatment
with acceptable efficiency.1 However, leukoencephalopathy is
most common in patients received intrathecal MTX following
cranial irradiation.23 On this occasion, concomitant therapy
may be an optimal treatment modality. To our best knowledge,
no prospective study has been carried out using concomitant
therapy except one in 1987.24 In that study, the authors con-
ducted a prospective randomized trial to compare the efficiency

of intrathecal MTX or MTX plus cytosine arabinoside (Ara-C).
Twenty-two (50%) patients received concomitant IC and CNS
radiotherapy, which showed significantly superior clinical
response rate and better OS compared with those only received
IC. In addition, the majority of patients with a survival of
>6 months (6/7) received concomitant therapy. These indi-
cated that concomitant therapy might contribute to the
improvement of prognosis. Unfortunately, no further study has
been carried out thereafter despite seldom severe neurotoxicity
reported in that study. Indeed, concomitant therapy is a recom-
mended modality for LM by NCCN guidelines, but no pub-
lished studies are available. In this study, a prospective and
single-arm clinical trial was designed to investigate the efficacy
and safety of the concomitant therapeutic modality.

Material and Methods
Patients

LM patients admitted to our hospital from May 2010 to
December 2014 were enrolled. LM diagnosis was ascertained
according to the NCCN guidelines and previous litera-
tures1,4,13,14,18,19 (Supporting Information 1). Patients met with
any of the following criteria were sufficient to the diagnosis:
positive CSF cytology; MRI scans indicating LM or based on
the comprehensive analysis of CSF cytology, neuroimaging
findings and other clinical features, including malignant tumor
history, nervous system symptoms and conventional CSF
examination.

The inclusion criteria were: (i) those aged> 18 years and
confirmed diagnosis of LM; (ii) those confirmed with solid
tumors excluding hematological malignancies (e.g., leukemia
and lymphoma) and primary brain tumors; (iii) those with at
least one poor prognostic factor, including KPS of< 60,
severe and multiple neurological deficits (those with two or
more groups of neurological symptoms/signs or severe neuro-
logical symptoms/signs mainly distributed in three domains
including cerebral hemisphere, cranial nerve and the existing
nerve roots affecting the life quality), encephalopathy, exten-
sive systemic disease with few treatment options (the patients
with active systemic disease, and showed tolerance to the sys-
temic therapy including chemotherapy and target therapy),
and bulky brain metastasis (brain parenchyma metastatic
lesions with a diameter of >2 cm).

The exclusion criteria were: (i) those with severe hepatic or
renal insufficiency, leucocyte count of< 2.5 3 1012, and platelet
count of< 6.0 3 109; (ii) received cranial radiotherapy within 6

What’s new?

Leptomeningeal metastasis (LM), in which cancer cells spread to membranes enveloping the brain and spinal cord, is a devas-

tating complication of solid cancers. Existing LM therapies center on intrathecal chemotherapy (IC). In this prospective clinical

study, the authors combined intrathecal methotrexate with involved-field radiotherapy in a concomitant regimen, showing that

the approach can potentially improve quality of life for patients with adverse prognostic factors. Concurrent radiotherapy

bolstered IC by contributing to prolonged remission of neurological symptoms and increasing overall survival. The findings

suggest that the concomitant regimen could be an optimal treatment option for LM.
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months; (iii) received systemic chemotherapy within 2 weeks,
or molecular target therapy within 1 month and (iv) with poor
tolerance of treatment. Written informed consent was obtained
from each patient. All procedures were compliant with the Dec-
laration of Helsinki. The study protocols were approved by the
Ethic Committee of The First Hospital of Jilin University. This
clinical trial was registered in the Chinese Clinical Trial Regis-
try (ID: ChiCTR-OOC-14005403).

Treatment plan

The study schema is provided in Figure 1. The regimen of
concomitant therapy consisted of IC via lumbar punctures
(MTX 12.5–15 mg, plus dexamethasone 5 mg, once per
week, 4 weeks in total) and IF-RT. Radiotherapy consisted of
fractionated, conformal radiation given at a daily dose of 2
Gy. The planning volume consisted of sites of symptomatic
disease, bulky disease observed on MRI, including the whole
brain and basis cranii received 40 Gy in 20 fractions and/or

segment of spinal canal received 40–50 Gy (the above seg-
ments of the first lumbar vertebra were given 40 Gy in 20
fractions; the first lumbar vertebra and the inferior segments
were given 40/50 Gy in 20 fractions). Patients with KPS
of� 40 and irradiation intolerance were required to receive
induction IC (MTX 12.5–15 mg, plus dexamethasone 5 mg,
twice per week). Then these patients were allowed to receive
concomitant therapy upon neurologic improvement and
radiotherapy tolerance. Supporting therapy was given to
patients with low KPS score.

Subsequent treatment was recommended after concomi-
tant therapy. Consolidation IC (MTX 12.5–15 mg, plus dexa-
methasone 5 mg) was recommended once per week. The
total cycles of IC including the induction therapy, concomi-
tant therapy and consolidation therapy should be <8 times
within 2 months. Maintenance IC (MTX 12.5–15 mg, plus
dexamethasone 5 mg) was recommended once per month
after concomitant therapy and/or consolidation therapy to
patients with stable systemic disease or longer expected sur-
vival. The patients with active systemic disease were proposed
to systemic therapy (chemotherapy or molecular target ther-
apy) according to the NCCN guidelines of related tumors.

Clinical evaluation and follow-up

Nowadays, it is lack of standardization with respect to
response criteria.14 Neuroimaging and CSF cytology have
been used for the diagnosis and even evaluation of LM, how-
ever, these techniques do have their limitations.1,25 In this
study, we established the criteria of evaluation for clinical
response based on improvement of neurologic symptoms/
signs and changes of KPS. The clinical response was eval-
uated by at least two experienced neuro-oncologists. The
evaluation consists of five layers, including complete response
(CR), obvious response (OR), partial response (PR), stable
disease (SD) and progressive disease (PD); Table 1. Clinical
evaluation was performed once per week from the beginning
of LM-related therapy, till 4 weeks later after concomitant

Figure 1. Protocol schema. IC: intrathecal chemotherapy; RT: radiation

therapy; KPS: Karnofsky performance status; MTX: methotrexate; DXM:

dexamethasone.

Table 1. Criteria of clinical response evaluation

Neurological symptoms and signs KPS score

Complete response Almost normal neurological examination. Mild cranial
nerve symptoms including tinnitus or blurred
vision may exist. GCS score of 15.

�90

Obvious response Significant neurologic improvement. No severe
symptoms/signs, such as severe headache,
somnolence, mental status. Dizziness,
confusion, mild headache, cranial nerve
paralysis or radiculitis may exist. GCS�12.

� 70 or elevation of�30 compared
with the baseline level.

Partial response Partial neurological improvement. Still with
headache or other mild/moderate
symptoms/signs. GCS�9.

50–70 or elevation of 10–20 compared
with the baseline level.

Stable disease No visible neurological improvement. Elevation of�10 compared with the baseline level.

Progressive disease Deteriorative neurological symptoms and signs. Decrease of KPS compared to the baseline level.

Two conditions both of neurological symptoms/signs and KPS must be satisfied synchronously. KPS: Karnofsky performance status score; GCS:
Glasgow coma scale.
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therapy. Clinical response was defined as continuous presence
of CR, OR or PR within an interval of at least 1 week. SD
and PD were defined as ineffective.

The following parameters were determined before treat-
ment: general health conditions, KPS score, neurological condi-
tions, Glasgow coma scale, full blood count and multichannel
biochemical profile. Imaging examination was used to evaluate
systemic disease. Toxicity was evaluated by physical examina-
tion, neurological examination, CSF examination, full blood
count and multichannel biochemical profile monitoring
weekly. CSF cytology was performed once per week. Survival
time was recorded since the date of LM diagnosis. All patients
were followed up until death or July 31, 2015. Adverse events
(AEs) were evaluated according to the Common Terminology
Criteria for Adverse Events (CTCAE, version 3.0). Events of
grade 3–5 were defined as moderate and severe adverse events.

Statistical analysis

The primary endpoint was clinical response rate. The secondary
endpoints were OS and safety. SPSS 17.0 software was used for
data analysis. Survival analysis was performed using the Kaplan–
Meier method. Log-Rank test was used to compare the survival
time of patients. Univariate and multivariate Cox regression
analysis were carried out to determine the risk factors of OS. v2

test and Fisher exact test were used to evaluate the difference of
clinical response rate and OS between patients with various fea-
tures. p< 0.05 demonstrated significant difference.

Results
Patient characteristics

Fifty-nine patients (male: 27, female: 32, aged 31–72 years,
median 55 years) were enrolled in this study. Patients’ char-
acteristics were showing in Table 2. The flow chart of the
treatment was shown in Supporting Information 2.

Adverse prognostic factors were identified in all patients,
including KPS of< 60 (n5 46), severe and multiple neuro-
logical deficits (n5 39), encephalopathy (n5 4), extensive
systemic disease with few treatment options (n5 15) and
bulky brain metastasis (n5 32).

Treatment and efficacy

Twenty-nine patients received radiotherapy within 3 days after
the first IC. Thirty patients with KPS score of� 40 received
induction IC prior to radiotherapy, including 20 (66.7%)

Table 2. General information of the patients

Characteristic N (%)

Gender

Male 27(46%)

Female 32(54%)

Median age

<55 yrs 29 (49%)

�55 yrs 30 (51%)

Pathological features of the primary disease

NSCLC 32 (54%)

SCLC 10 (17%)

Breast cancer 11 (19%)

Others* 6 (10%)

Neuroimaging features

Positive 53 (90%)

Negative 6 (10%)

CSF biochemistry

Elevation of protein 44 (75%)

Decrease of glucose 21 (36%)

Negative 13 (22%)

CSF cytology

Positive 55 (93%)

Negative 4 (7%)

Onset as LM

Yes 10 (17%)

No 49 (83%)

GCS

15 32(54%)

13�14 18(31%)

9�12 9(15%)

KPS

� 60 13 (22%)

< 60 46 (78%)

� 40 32 (54%)

< 40 27 (46%)

Severe and multiple neurologic deficits

Yes 39 (66%)

No 20 (34%)

Bulky CNS disease

Yes 32 (54%)

No 27 (46%)

Systemic disease

Stable/free 32 (54%)

Active 27 (46%)

Extensive systemic disease with few treatment options

Yes 15 (25%)

No 44 (75%)

Table 2. General information of the patients (Continued)

Characteristic N (%)

Encephalopathy

Yes 4 (7%)

No 55 (93%)

*Including gastric adenocarcinoma(n 5 3), laryngeal squamous cell
carcinoma (n 5 1), hepatocellular carcinoma (n 5 1), and primary cra-
nial malignant melanoma (n 5 1).
NSCLC: nonsmall-cell lung cancer; SCLC: small cell lung cancer; CSF:
cerebrospinal fluid; KPS: Karnofsky score; GCS: Glasgow coma scale.
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received for once, 8 (26.7%) for twice and 2 (6.7%) for thrice,
respectively. Three (5.1%) critically ill patients died with no
response to the induction IC. Fifty-six patients received con-
comitant therapy, among whom 51 (86.4%) accomplished the
concomitant therapy, including 4 with temporary cessation
(3–10 days) due to severe bone marrow depression (white
blood cell number of <1.5 3 1012, or platelet number of <45
3 109) and severe mucous reaction. Five patients (8.5%) quit
the treatment after receiving 2–3 weeks of concomitant therapy
for personal reasons. Fifty-one patients (86%) received whole
brain radiotherapy. Twenty patients (34%) received partial spi-
nal irradiation, among whom 2 received cervical spinal irradia-
tion and 3 received thoracic spinal irradiation, and 18 received
lumbosacral spinal irradiation. Fifteen (25%) received both
whole brain irradiation and partial spinal field irradiation.
Forty-two (71%) received supportive treatment.

Neurological remission was generally achieved after the first
week of the concomitant therapy, and the clinical response was
commonly achieved 2–4 weeks later. The overall clinical
response rate was 86.4%, including CR (14, 23.7%), OR (29,
49.1%) and PR (8, 13.6%). Five patients (8.5%) had SD and
three (5.1%) had PD. We also evaluated the clinical response
rate based on pathological types, and the response rates were
87.5% (28/32) for nonsmall cell lung cancer (NSCLC), 90%
(9/10) for small cell lung cancer (SCLC), 72.7% (8/11) for
breast cancer and 100% (6/6) for the other tumors. No statisti-
cal difference was observed in the response rate of the patients
with diverse tumors (p5 0.568, Table 3).

Thirty-eight patients (64.4%) received further subsequent
treatments, including consolidation IC (n5 31; 1–4 times,
median 3), maintenance IC (n5 12; 1–9 times, median 4),
systemic chemotherapy [n5 15; 1–4 cycles, median 2; the
regimens included docetaxel and cisplatin (n5 5), etoposide
and cisplatin (n5 4), docetaxel and capecitabine (n5 1),
capecitabine (n5 2), pemetrexed and cisplatin (n5 3)] and
molecular target therapy using tyrosine kinase inhibitor
(n5 3; 1 received Erlonat and 2 received Gefitinib).

Implantation metastases of intra-spinal canal were
observed at month 2–11 in four patients following cranial
radiotherapy and concomitant intrathecal MTX. Thus, spinal
radiotherapy was performed subsequently. Fifteen patients
presented recurrent neurologic symptoms mainly manifested
as headache 2–9 months after concomitant therapy and other
initial antitumor treatment. Among these patients, 9 received
supportive treatment and died in a short time. For the other
6 patients, symptomatic improvement was obtained in 3
patients received further intrathecal MTX and 3 received
second-line IC (cytosine arabinoside, 50 mg, dexamethasone,
5 mg). Particularly, one patient with breast cancer accom-
plished 8 times of induction, concomitant and consolidation
IC, as well as subsequent 8 times of maintenance IC (once
per month). Afterward, the patient received IC every 2–3
months to attenuate recurrent headache. Up to now, the
patient had received 30 times of IC in total with a survival of
up to 36.7 months despite a mild short-term memory loss
and a KPS score of 80.

Follow-up and outcomes

All the patients were followed up for 0.4–36.7 months until
July 31, 2015. The median OS was 6.5 months. One-year sur-
vival rate was 21.3%, and two-year survival rate was 6.1%.
Fifty-three patients were dead. Forty-eight (90.6%) died from
cancer progression, among whom 22 (41.5%) died wholly
from LM, 10 (18.6%) wholly from systemic disease. The
remaining patients died from delayed treatment-related neu-
rotoxicity (2, 3.8%) and noncancer diseases (3, 5.7%).

According to the criteria of evaluation of clinical response
(Table 1), fourteen patients showed CR (OS: 3.5–36.7
months, median: 8.4 months), and OR was noticed in 29
patients (OS: 1.4–17.2 months, median: 6.8 months). PR was
noticed in 8 patients (OS: 2.4–13 months, median: 4.9
months). Five patients had SD (OS: 1.5–18.5 months,
median: 3.2 months), and three had PD (OS: 0.4–0.6 months,
median: 0.4 months). In total, response was observed in 51
patients (OS: 1.4–36.7 months, median: 6.8 months), and SD
and PD was observed in 8 patients (OS: 0.4–18.5 months,
median: 2.8 months, Table 4). Significant extension in OS
was observed in the patients with clinical response

Table 3. Clinical response rate and overall survival of patients with
various pathological features

NSCLC
(n 5 32)

SCLC
(n 5 10)

Breast cancer
(n 5 11)

Others
(n 5 6)

CR 8 3 2 1

OR 15 5 5 4

PR 5 1 1 1

SD 3 1 1 0

PD 1 0 2 0

Effective 28 9 8 6

Noneffective 4 1 3 0

Median OS
(months)

6.7 4.5 5.4 11

No statistical difference was observed in the response of the patients
with various primaries (p 5 0.568). No statistical difference was observed
in the survival of the patients with various primaries (p 5 0.110).

Table 4. Clinical response rate and the patients’ survival

N OS (months) Median OS (months)

CR 14 3.5–36 8.4

OR 29 1.4–17.2 6.8

PR 8 2.4–13 4.9

SD 5 1.5–18.5 3.2

PD 3 0.4–0.6 0.4

Effective 51 1.5–36.7 6.8

Noneffective 8 0.4–18.5 2.8

The clinical response (CR, OR, PR or noneffective) was correlated to the
patients’ survival (p 5 0.006). Significant OS extension was observed in
the patients with clinical response to the treatment (p 5 0.009).
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(p5 0.009, Table 4). The status of clinical response (CR, OR,
PR or noneffective) had significant correlation with the OS
(p5 0.006, Table 4). The median OS for the patients with
breast cancer, NSCLC, SCLC and others was 5.4 months, 6.7
months, 4.5 months and 9 months, respectively. No statistical
difference was observed in the OS of patients with various
pathologic types (p5 0.110, Table 3).

On univariate analysis (Supporting Information 3) OS was
not influenced by gender (p5 0.331), age (p5 0.324), severe
and multiple neurological deficits (p5 0.395), bulky CNS
disease (p5 0.800), KPS< 40 (p5 0.997) and KPS <60
(p5 0.309), systemic disease progression (p5 0.288) and pri-
mary lung cancer (p5 0.142), and hypoglycorrhachia
(p5 0.153), respectively. The cytology was turned to be nega-

tive in 15 patients (27%), which showed no protective effects
against the OS (p5 0.988). Significant OS benefits were
observed in patients with clinical response (p5 0.013), and
accomplishing the concomitant therapy (p5 0.016). Besides,
extensive systemic disease with few treatment options caused
significant adverse effects on the OS (p5 0.009). Multivariate
analysis revealed extensive systemic disease with few treat-
ment options (p5 0.005) and primary lung cancer (p5

0.033) were the adverse prognostic factors. In addition, KPS
of< 60 (p5 0.107) or severe and multiple neurological defi-
cits (p5 0.110) caused no significant effects on prognosis
(Supporting Information 3).

Safety and toxicity

The major toxicities and side effects were radiotherapy-related
injuries to skin and mucosa, bone-marrow depression, MTX-
induced mucosal injuries, lumber radiculitis, as well as acute/
chronic neurotoxicity (Table 5). Mild or moderate skin reac-
tion and hair loss occurred in all the patients undergoing brain
radiotherapy. In addition, radiotherapy-related mild and mod-
erate otitis media was observed in 13 patients. Bone marrow
depression was mainly occurred at Week 3 and 4 during con-
comitant therapy, which was manifested as decreased white
blood cell count (n5 12) and platelet count (n5 5). Twelve
patients (20.3%) showed MTX-induced mucosal injuries.
Among them, five patients received intravenous injection of
leucovorin (100 mg, b. i. d.). Eleven patients showed mild or
moderate mucosal injuries. Only one patient showed severe
mucosal injury (grade IV) manifested as oral mucosal ulcer 2
days after the fourth intrathecal MTX. One week later, this
patient showed mucosanguineous stool and mucosal swelling
of the perineal region. The symptoms were attenuated after
intravenous injection of leucovorin (100 mg, b. i. d.), and gar-
gling with leucovorin (5%) as well as hip-bath. Sixteen patients
with radiculitis mainly presented regional numbness of the
gluteal region and lower extremities. Among these patients, 9
with mild symptoms were alleviated spontaneously without
interfering quality of life. However, several patients showed
moderate (n5 5) and severe radiculitis (n5 2), which persis-
tently affected sleeping and walking. No patient showed lum-
bar puncture-induced purulent meningitis.

Three patients (5.1%) showed severe neurotoxicity, includ-
ing 1 with acute neurotoxicity manifested as chemical arach-
noiditis and 2 with delayed neurotoxicity manifested as
encephalopathy. Among these patients, 2 died finally due to
deterioration of neurotoxicity. For the patient with acute neu-
rotoxicity, the symptoms were presented at 5.5 months after
concomitant therapy, and were manifested as progressively
severe headache accompanied by stiff neck, vomiting, seizure,
ablepsia and photophobia. This patient showed remarkable
increase in CSF protein (1.41 g/L, normal range 0.15–0.45 g/L).
The patient had received 13 times of IC in total, and also
received systemic chemotherapy (Docetaxel and cisplatin) dur-
ing the consolidation and maintenance IC. Brain MRI showed
no new lesions or cerebral apoplexy, but showed grade I

Table 5. Mainly adverse events

Variables N (%)

Acute cerebral meningitis 1 (2%)

I–II degree 0

III–IV degree 0

V degree 1 (2%)

Chronic encephalopathy 3 (5%)

I–II degree 1 (2%)

III–IV degree 1 (2%)

V degree 1 (2%)

Radiculitis 16 (27%)

I–II degree 9 (15%)

III–IV degree 7 (12%)

V degree 0

Bone marrow depression 13 (22%)

I–II degree 5 (8%)

III–IV degree 8 (14%)

V degree 0

Mucositis 12 (20%)

I–II degree 10 (17%)

III–IV degree 2 (3%)

V degree 0

Leukodystrophy (n 5 44) 30 (68%)

I degree 15 (50%)

II degree 7 (23%)

III degree 8 (27%)

Encephalopathy 11(19%)

II–III degree 9(15%)

IV degree 1(2%)

V degree 1(2%)

Moderate and severe toxicity 12 (20%)

Treatment-related death 2 (3%)

Death of adverse events during
concurrent therapy

0
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leukoencephalopathy. For the 2 patients with delayed neuro-
toxicity, it happened in 6 months and 16 months following
concomitant therapy, respectively. Main manifestations were
progressive cognitive disorder, mental obtundation, lower
motor neuron weakness and dysphagia. Leukoencephalopathy
(grade III) was confirmed by neuro-radiologic examination
presenting severe cerebral atrophy, increase in subarachnoid
space and other features.

Leukoencephalopathy refers to a type of delayed and chronic
neurotoxicity evaluated by neuroimaging examination. As regu-
lar cranial MRI was not compulsory in this study, it was hard
to precisely evaluate leukoencephalopathy. A total of 44 patients
received cranial MRI/CT within 1–24 months after concomitant
therapy, 30 of whom showed leukoencephalopathy (Table 5).
Besides 3 patients with severe neurotoxicity mentioned above,
no significant CNS symptoms were noticed except for mild or
moderate encephalopathy (grade II–III) mainly manifested as
short-term memory loss and depression or dullness of mind in
9 patients. Nineteen patients underwent MRI scan over 6
months after concomitant therapy, and all of them were con-
firmed with leukoencephalopathy.

In this study, about half the patients showed a Glasgow
coma scale of less than 14 upon the diagnosis of LM. As the
patients’ conditions were severe, it was hard to perform the
cognitive evaluation. Due to the absence of baseline, regular
cognitive evaluation was not designed. Patients with typically
delayed encephalopathy manifested as cognitive disturbance,
confusion and other typical symptoms could be ascertained
as adverse effects, and minimum mental state examination
(MMSE) was performed for the evaluation. Regular MMSE
was not designed as the OS of LM patients was too short.

Discussion
In this single-arm and prospective clinical study, we con-
firmed IF-RT combined with concomitant intrathecal MTX
could improve the quality of life and neurological symptoms
of LM patients from solid tumors with adverse prognostic
factors. Meanwhile, the neurotoxicity was not as severe as
expected. The median OS and one-year survival rate was
obviously higher than the historical reports. This treatment
regimen improved the prognosis of LM patients from solid
tumors with adverse prognostic factors for the first time.

LM patients with poor conditions may achieve clinical
improvement after IC, however, the neurologic symptoms
commonly relapse within a short time.24,26 Such situation
was also proved by our clinical experiences. In this study,
concomitant radiotherapy contributed to a long-term neuro-
logic remission and extension of OS. This regimen provides
lots of advantages: (i) MTX is a type of antimetabolic antitu-
mor drug that inhibits the metabolism of folic acid. Cancer
cells at S phase and G1/S phase are sensitive to MTX, while
those at G1, G2 and M phase are sensitive to irradiation.
Thus, radiotherapy and MTX mediate synergistic effects for
different phases of the cell cycle. (ii) MTX is also involved in
radiosensitizing effect.27 (iii) Radiotherapy is indicated to

relieve CSF flow block and reestablish normal CSF, which
subsequently improves the diffusion of drugs in CSF and
attenuates the neurotoxicity induced by CFS flow blocks and
drug accumulation.8,21,28 (iv) The simultaneous modality of
radiotherapy and IC, rather than the administration of each
treatment sequentially, can also shorten the total time of
LM-related treatment. After controlling CNS involvement,
systemic therapy could be administered promptly. Thus, it is
appropriate for the comprehensive treatment of the patients
with active systemic disease.

LM patients from solid tumors showed similar outcomes
(median OS is 2–3 months approximately) and clinical fea-
tures.1 To our knowledge, lots of previous studies enrolled
patients with various solid tumors2,17,24,29–32 despite the prog-
nosis of LM from breast cancer was satisfactory.33 Therefore,
patients with different primaries were enrolled in this study.
After all, patients with various tumors showed no statistical
difference in the clinical response and OS in this study. We
concluded that the concomitant therapeutic modality could
be effective for LM from various solid tumors.

Although induction IT showed no marked impact on the
OS and clinical response rate, it was applied to the critical
patients to alleviating severe conditions temporarily. Upon
short-term attenuation of symptoms, the concomitant radio-
therapy should be performed subsequently. In this study, 3
patients with severe conditions and lower KPS (20 score)
died from LM progression even though induction IC had
been given. Consequently, whether concomitant therapy
could be administered in those with poor conditions is
depended on the response to induction IC. In line with the
previous studies,24,34 the response to initial IC is one of the
key points for the prognosis of critical LM patients. The
patients with neurological remission and improved KPS ordi-
narily indicate better prognosis.

The one-dimensional response evaluation criteria in solid
tumors (RECIST) are not appropriate for the evaluation of LM
as the neuroimaging features of LM commonly are not measur-
able at least as defined by current brain tumor response crite-
ria.1 Moreover, a prior autopsy study revealed that changes in
MRI findings might not accurately represent the changes in
actual degree of leptomeningeal lesion burden.35 To date, CSF
cytological clearance rates and symptomatic improvement have
been commonly used for clinical evaluation.17,29,36,37 However,
the presence or absence of CSF cytology did not appear to
influence survival.25 Besides, false negative testing of CSF cytol-
ogy is common. Indeed, our study revealed that CSF cytological
clearance showed no correlation with either clinical response
rate (p5 0.423) or OS (p5 0.988). Thus, CSF cytology may
not be a suitable choice for the evaluation. Previously, changes
of neurologic symptoms/signs were solely used to assess the
clinical response.38 The clinical evaluation based on changes of
neurologic symptoms/signs was performed every 2 weeks or
before each cycle of therapy in several studies.26,29,31 Transient
neurological symptoms related with supportive treatment or
AEs might be misconstrued as clinical improvement or
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progression. Thus, it should be necessary to define a span of
time to identify the effectiveness of treatment. In one study, it
was defined that clinical status persisting >4 weeks could serve
as a criterion of evaluation.26 Considering the survival of LM
patients with adverse prognostic factors was extremely short,
continuous CR, OR or PR for two times of evaluation within
an interval for at least 1 week was set as a criterion for effec-
tiveness in this study. Data analysis revealed the clinical
response (CR, OR, PR or noneffective) was correlated with the
patients’ survival (p5 0.006, Table 4), which indicated this
method was effective for the evaluation of prognosis.

Recurrence was inevitable even though presence of CSF
cytological clearance, as it was difficult to eradicate the tumor
cells in CSF thoroughly. According to the NCCN guidelines,
maintenance IC was mostly recommended to the clinically sta-
ble patients. The patients received maintenance IC usually
showed stable disease or longer expected survival that caused
absence of randomness in this study. However, maintenance
IC was still effective in improving neurologic symptoms of the
patients with recurrent disease following the concurrent ther-
apy. Of note, all of 3 patients with severe neurotoxicity (grade
IV–V) received many times of IC (12–13 times) and concomi-
tant systemic therapy with consolidation/maintenance IC dur-
ing the subsequent treatment. Thus, for the patients with
active systemic disease and needed systemic therapy, it should
be deliberated to decide whether simultaneous systemic ther-
apy should be given during the regimen of IC.

To date, the efficacy of systemic therapy for LM from
solid tumors is uncertain. Blood–brain and blood–CSF bar-
riers limit penetration of most systemically administered anti-
cancer agents into CNS. Thus, CSF exposure to most
cytotoxic agents is <5% of the plasma concentration, and it
is rarely used for the primary treatment of LM.1 Further-
more, it has been reported that systemic chemotherapy pro-
vided no additional benefits over the combination of IC and
radiotherapy.39 Nevertheless, most LM patients showed active
systemic disease that was considered as the main cause of
death.5 For these patients, systemic therapy was neces-
sary.40–44 However, partial patients showed poor tolerance to
systemic therapy due to low KPS and fatal CNS involvement.
Thus, it is crucial to select an appropriate time for the sys-
temic therapy. In a previous study, Park et al. 40 suggested
further systemic therapy (chemotherapy or target therapy)
after IC conferred survival benefits. In this study, the regimen
shortened the total time of LM-related treatment. After con-
trolling CNS involvement, systemic chemotherapy could be
given to the patients with active systemic disease promptly.
Despite no obvious survival benefits in the patients received
systemic therapy (p5 0.296), active systemic disease showed
no influence on OS either (p5 0.288). However, extensive
systemic disease with few treatment options was an adverse
prognostic factor (p5 0.006). It seemed that systemic therapy
improved the prognosis of the LM patients with active sys-
temic disease. However, it was hard to confirm whether sys-
temic therapy could cause benefits to the CNS dissemination.

In line with the previous studies,4,5multivariate analysis
revealed lung cancer was a risk factor for poor prognosis
(p5 0.033), which might be attributed to the poor prognosis
of SCLC patients (mean OS: 4.5 months). According to the
univariate analysis, the survival of SCLC patients was inferior
to NSCLC (p5 0.082). Moreover, the clinical response rate of
SCLC patients was up to 90%, however, half of them (50%)
died from progressive systemic disease in a short time. Above
all, as a risk factor, lung cancer might be related with the
progression of the systemic disease rather than invalidness
for the regimen of the concurrent therapy. Based on the mul-
tivariate and univariate analysis, the prognosis is worse for
those with systemic disease progression with few treatment
options. Despite no benefits in the OS in these patients fol-
lowing concomitant therapy, significant improvement was
noticed in their neurologic function and quality of life.

It was difficult to ascertain a time span for MRI examina-
tion as the survival time of LM patients with poor prognostic
factors was extremely short. Therefore, regular MRI was not
compulsory in this study. A total of 44 patients received
cranial MRI scan after concomitant therapy, among whom a
higher incidence (68%) of leukoencephalopathy was noticed.
Consistent with the previous studies,23,45,46 most of the
patients with leukoencephalopathy were asymptomatic, and
mainly presented in patients aged< 60 years or received high
dose chemotherapy. In this study, leukoencephalopathy was
mainly observed in the patients with survival time of �6
months. Thus, the incidence of leukoencephalopathy was
inclined to increase in patients with longer survival, but
severe neurological deficit was seldom observed.

Indeed, there were limitations in this study. The concurrent
therapy was designed as the mainstay of this study, and classi-
cal regimen of IC (including induction IC, consolidation IC
and maintenance IC) was not compulsory. Thus, patients
received various cycles of IC, which might affect the outcomes
slightly. Additionally, LM is a lethal complication of malig-
nancy. The design of clinical trial and the patients’ prognosis
could be affected by many aspects, such as general status of
patients, status of extra-CNS disease and other anticancer
treatment. The subsequent therapy, including consolidation/
maintenance IC or systemic therapy, might have potential
influence on the outcomes, especially the delayed neurotoxicity
and patients’ survival. Furthermore, LM patients usually pres-
ent with pleomorphic and subtle neurological signs affecting
the CNS, and sometimes it is difficult to differentiate from
those caused by the adverse effects of cancer treatment.1 Thus,
it was hard to evaluate the treatment related neurotoxicity
(e.g., cognitive disturbance) precisely. In this study, approxi-
mately half the patients showed a Glasgow coma scale of less
than 14 upon the diagnosis of LM. Due to severe conditions
of these patients, it was hard to perform the cognitive evalua-
tion before treatment. Because of the absence of baseline, regu-
larly cognitive evaluation was not designed in this study.
Despite the inevitable limitations, the patients received
comprehensive treatment based on the concurrent therapy as
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a mainstay achieved higher clinical response rate and obvious
survival benefit than histological reports.

In conclusion, this study provides important information
about the regimen of the concurrent therapy with significant
efficacy and acceptable toxicity that may serve as an optimal

therapeutic option for treatment of LM from solid tumors
with adverse prognostic factors. The evaluation criteria based
on the neurologic improvement and KPS changes are
appropriate for the response assessment of LM-related
treatment.
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