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1 Protocol summary
1.1 Synopsis
Treatment plan

The study is designed as a prospective, single-arm, open-label, phase I/II trial of intrathecal pemetrexed (IP) with prior with folic acid and vitamin B12 supplementation in the management of newly diagnosed leptomeningeal metastases (LM) from solid tumors. Treatment will be initiated with supplementation of folic acid and vitamin B12 followed by intrathecal pemetrexed (IP). Safety and feasibility will be monitored by a 3+3 dose escalation design. The primary objectives were to determine the maximum-tolerated dose (MTD) of IP with prior folic acid and vitamin B12 supplementation and safety based on the incidence of treatment-related adverse events (AEs). The secondary objective was overall survival (OS). In addition, the clinical response rate (CRR) and disease control rate (DCR) were also evaluated. following protocol therapy.

Primary objective

• To determine the safety and MTD/recommended phase II dose of IP with prior folic acid and vitamin B12 supplementation in the management of newly diagnosed LM from solid tumors.

• To evaluate safety based on the incidence of treatment-related AEs of IP with prior folic acid and vitamin B12 supplementation in the management of newly diagnosed LM from solid tumors.

Secondary objective
• To evaluate the OS following IP with prior folic acid and vitamin B12 supplementation in the management of newly diagnosed LM from solid tumors.
Other pre-specified objective
• To evaluate the CRR and DCR following IP with prior folic acid and vitamin B12 supplementation in the management of newly diagnosed LM from solid tumors.

Key inclusion criteria

• aged 18-75 years

• Pathologically confirmed malignant solid tumors 

• Newly diagnosed LM confirmed by positive cerebrospinal fluid (CSF) cytology or LM-related specific imaging findings and neurological signs if CSF cytology was negative

• Life expectancy > two months

• Normal organ and marrow function

• Patients who had received systemic treatment prior to enrollment were allowed to continue their original regimens, including tyrosine kinase inhibitors (TKIs) and chemotherapy
Key exclusion criteria

• Hematologic malignancy or primary central nervous system (CNS) malignancy

• Prior intrathecal pharmacotherapy for LM

• Prior whole brain radiotherapy or focal radiotherapy for brain metastases within three months before enrollment

• Rapid systemic progression with few treatment options

• Significant medical or psychiatric illness that would interfere with compliance and ability to tolerate treatment as outlined in the protocol

• Women who are pregnant or breastfeeding

Sample size/ Statistical power

The starting dose of pemetrexed will be 15 mg for cohort 1, 20 mg for cohort 2, and escalating each dose group by 5 mg (25 mg, …). If two or more of the six patients experienced a dose-limiting toxicity (DLT), dosing escalation would cease and MTD would be reached. In the phase II study, The PASS 15.0 software was used to calculate the sample size and the target number was estimated by the median OS. The previous study showed that the OS of patients with refractory or recurrent LM treated with IP is 3.8 months.1 In the present study, we hypothesized H0 as an OS of 3.8 months and H1 as 6.8 months, 28 patients were needed in the Phase II study to achieve 80% power with a predefined one-sided alpha of 5%.
1.2 Study schema
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1 Folic acid 400 μg was administered orally once daily, prior to the first IP, until 21 days after the last IP. A single dose of vitamin B12 1000 μg was administered by intramuscular injection before the first IP, once per two months.
2 For phase I, the DLT evaluation period will be the first six weeks of study treatment.
3 IP once per month as maintenance therapy was administered until LM progression (by imaging or clinical decline), or severe adverse events that cannot tolerate treatment.
4 All patients will be followed every one to three months (or as clinically indicated) via clinic visit or phone calls until death or for at least 12 months.
1.3 Schedule of activites
Schedule of activites

	Procedurea 
	Pre-

Study
	W

-1
	W

1
	W

2
	W

3
	W

4
	W

5
	W

6
	W

7
	W

8
	W

9
	W

10
	W

11
	W

12
	W

13
	W

14
	W

15
	W

16
	W

17
	W

18
	W

19
	Follow-up

	
	
	
	Induction phase
	Consolidation phase
	Maintenance phase: To be repeated until LM progression (by imaging or clinical decline), or severe adverse events that cannot tolerate treatment.
	

	Folic acid
	
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	

	Vitamin B12
	
	×
	
	
	
	
	
	
	
	×
	
	
	
	
	
	
	
	
	×
	
	
	

	Intrathecal pemetrexed
	
	
	×
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	
	

	Informed consentb
	×
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Inclusion/Exclusion criteria
	×
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Demographic information /medical history/previous medication
	×
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Concurrent meds
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	

	Physical examinationc
	×
	×
	×
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	×
	

	Vital signs 
	×
	×
	×
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	×
	

	Height
	×
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Weight
	×
	
	×
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	×
	

	Glasgow coma scale
	×
	
	×
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	×
	

	KPS
	×
	
	×
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	×
	

	Complete blood count with differential and platelets
	×
	
	
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	
	

	Serum chemistryd
	×
	
	
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	
	

	Coagulation function
	×
	
	
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	
	

	ECG (as indicated)e
	×
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cerebrospinal fluidf
	×
	
	×
	×
	×
	×
	×
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	
	

	MRI Brain/Spineg
	×
	
	
	
	
	
	
	×
	
	
	
	×
	
	
	
	
	
	
	
	×
	
	

	Adverse events assessment 
	
	
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×

	CT C/A/P
	×
	
	
	
	
	
	
	×
	
	
	
	×
	
	
	
	×
	
	
	
	×
	
	

	Pregnancy testh
	×
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Survival Status
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	×


a Schedule is ± 3 days each week, unless otherwise indicated.
b Informed consent to be obtained within 14 days before the start of protocol therapy.
c Physical examination must include neurologic assessment.

d Serum chemistry tests include albumin, amylase, lipase, BUN, creatinine, ALT, AST, LDH, serum alkaline phosphatase, direct and total bilirubin, glucose, total protein, sodium, potassium, chloride, HCO3, calcium, uric acid, PT and APTT. Patients should also be tested for Hepatitis B virus surface antigens (HBV sAg) and hepatitis C virus ribonucleic acid (HCV antibodies) at screening only.

e ECG should be obtained at baseline for screening and then as clinically indicated.
f Cerebrospinal fluid will be collected during each intrathecal injection procedure to assess disease status (will be sent for cell count, protein, glucose, cytology).
g The first follow up MRI of the Brain/Spine will be done before the initiation of the first intrathecal pemetrexed, at the end of the eighth intrathecal pemetrexed (Week 6) and four weeks after that (Week 10), and then every 8-12 weeks.
h Urine or serum pregnancy test (for women of childbearing potential).
Abbreviations: ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, asparate aminotransferase; CT C/A/P, computer tomography scan of the chest, abdomen, and pelvis; ECG, electrocardiogram; KPS, Karnofsky Performance Status; LDH, lactate dehydrogenase; LM, leptomeningeal metastasis; MRI, magnetic resonance imaging; PT, prothrombin time.
2 Introduction
2.1 Disease background
Leptomeningeal metastasis (LM), also known as neoplastic meningitis or leptomeningeal carcinomatosis, a devastating complication of multiple tumor types, refers to involvement of the cerebrospinal fluid (CSF) and leptomeninges by cancer cells
 ADDIN EN.CITE 
[1]
. The three most common types of cancer associated with LM are lung, breast cancers and melanoma.
 ADDIN EN.CITE 
[2]
 It is estimated to occur in up to 10% of solid tumors
 ADDIN EN.CITE 
[2]
, with the typical median overall survival (OS) of only 4-6 months[3]. While there are effective treatment options available for patients with extracranial metastatic disease that may translate into benefit for parenchymal brain metastases, there are very few options for patients with LM from any cancer type. There is no proven standard therapy for LM with solid tumors. New therapies such as molecular targeted therapy have been developed for subgroups of molecular-selected patients with non-small cell lung cancer (NSCLC) or breast cancer
 ADDIN EN.CITE 
[4-8]
. However, the proportion of these subgroups of patients is only less than 10%
 ADDIN EN.CITE 
[9]
. The treatment for most LM patients lack of specific therapeutic targets is still limited. Since LM often progresses during systemic therapy, and its diagnosis portends an extremely poor prognosis, the development of effective therapy approaches for LM could significantly improve patient outcomes.
2.2 Intrathecal pemetrexed and clinical pharmacokinetics
Up to now, intrathecal chemotherapy remains one of the mainstay treatment methods for LM, with the advantage that agents can directly enter the CSF flow to maximize its exposure to tumor cells in CSF. Compared to systemic administration, low-dose intra-CSF administration could achieve higher CSF drug concentration with better cytotoxic effect. However, chemotherapeutic agents that can be safely administered intrathecally for the treatment of LM are extremely limited. In addition to traditional agents including methotrexate, cytarabine and thiotepa
 ADDIN EN.CITE 
[10]
, the efficacy and safety of etoposide, topotecan or gemcitabine
 ADDIN EN.CITE 
[11-14]
, which have been applied in clinical since 2000, did not achieve satisfactory results. Therefore, LM patients have an urgent need for new chemotherapeutic agents that can provide a meaningful survival benefit with an acceptable toxicity profile.
Pemetrexed is a multitargeted antifolate that has demonstrated broad antitumor activity in a wide variety of solid tumors. Patients without central nervous system (CNS) metastases receiving pemetrexed-based systemic chemotherapy developed fewer CNS metastases than those receiving other regimens
 ADDIN EN.CITE 
[15]
. This implies that pemetrexed has the potential capacity to overcome CNS involvement. However, it has been approved that the distribution of pemetrexed into brain is limited[16], and the CSF penetration of pemetrexed was <2% of plasma after intravenous pemetrexed[16]. Clinical studies on intravenous pemetrexed in patients with CNS metastases showed limited clinical response rate (CRR) 
 ADDIN EN.CITE 
[17, 18]
. Compared with intravenous injection of pemetrexed, direct intrathecal injection of low-dose pemetrexed may be more effective in the treatment of LM.
A rat model of intrathecal pemetrexed (IP) has been established in 2011
 ADDIN EN.CITE 
[19]
. This study demonstrated that high pemetrexed concentrations were maintained in CSF for a long time by intrathecal injection of 1mg/kg pemetrexed in rats
 ADDIN EN.CITE 
[19]
. It is noteworthy that the concentration of pemetrexed in CSF at 24 h post-intrathecal injection was measured at 0.143 μM, which approximates the median IC50 value observed in human solid tumor cell lines
 ADDIN EN.CITE 
[19]
. Furthermore, histopathological analysis of a deceased rat following intraperitoneal (IP) injection revealed no evidence of neuronal cell damage
 ADDIN EN.CITE 
[19]
. According to the CSF volumes in general adults and concentration of the drug, while considering safety, this animal study suggested recommends an optimal starting dose of 5-10 mg of pemetrexed for human studies
 ADDIN EN.CITE 
[19]
. 
Based on the above study, we conducted our previous phase I study in 2017, which for the first time confirmed the feasibility of IP at 10 mg in recurrent and refractory LM patients with lung adenocarcinoma who had received multiple cycles of intrathecal chemotherapy previously[20]. Unfortunately, considering the low dose of intrathecal administration, which is less than 3% of the systemic dose, we did not design folic acid and vitamin B12 supplementation prior to the administration of IP in this study as the standard protocol before systemic administration of pemetrexed. While vitamin supplementation was employed during this study to alleviate the hematological toxicity resulting from 10 mg IP, no additional dose escalation was implemented at this dose level. Therefore, the MTD of IP in the presence of folic acid and vitamin B12 supplementation has not been observed, especially for the newly diagnosed LM patients who have never received intrathecal chemotherapy.
2.3 Risk benefit assessment
Solid tumor patients with LM represent a poor prognosis cohort with a high unmet clinical need. Although a multitude of treatment options are available for the management of systemic disease, once metastases travel to the leptomeninges, patients have a lack of treatment options aside from traditional local approaches. Novel and improved management approaches to LM are needed.
Based on the mechanism of action of the drug and the clinical safety information of the drug with the same mechanism, it is expected that the possible AEs to occur during the clinical trial of IP are mainly hematologic toxicity and elevation of hepatic aminotransferases. According to the existing clinical data of our previous study, these main IP-related AEs controllable at 10 mg level combined with vitamin supplementation.
3 Objectives
3.1 Primary objective
Primary objectives were to determine the MTD of IP in the case of folic acid and vitamin B12 and provide a recommended dose of IP for phase II study, as well as evaluate the safety of IP based on the incidence of treatment-related AEs
3.2 Secondary objective
Secondary objective was to evaluate the OS following IP with prior folic acid and vitamin B12 supplementation in the management of newly diagnosed LM from solid tumors.
3.3 Other pre-specified objective
Other pre-specified objective were to evaluate the CRR and DCR following IP with prior folic acid and vitamin B12 supplementation in the management of newly diagnosed LM from solid tumors.
4 Study plan
4.1 Study design

This study is designed as a prospective, multicenter, open-label, single-arm phase I/II clinical trial of IP in 18-75 years patients with newly diagnosed LM from various solid tumors. Patient recruitment is according to the participant selection rule in Section 4.2. This study consisted of two phases. In phase I, the MTD of IP with prior folic acid and vitamin B12 supplementation, also the recommended dose for phase II, will be explored through dose escalation, and the safety, feasibility and therapeutic activity will be evaluated for the treatment of LM patients with the MTD determined in phase I. 

4.2 Participant selection    

4.2.1 Inclusion criteria

• Participants must have been diagnosed as malignant solid tumor according histopathology or cytopathology
· Leptomeningeal metastases must be newly diagnosed by positive CSF cytology or LM-related specific imaging findings and neurological signs if CSF cytology was negative. The diagnostic criteria of LM showed in Table 1
Table 1. Diagnostic criteria for leptomeningeal metastases

	
	Cytology
	MRI a
	Neurological Signs
	LM

	Type I: positive 

CSF cytology 
	+
	+
	+
	Confirmed



	
	+
	+
	-
	Confirmed

	
	+
	-
	+
	Confirmed

	
	+
	-
	-
	Confirmed

	Type II: negative

CSF cytology
	- or equivocal


	+
	+
	Probable



	
	- or equivocal
	+
	-
	Possible

	
	- or equivocal
	-
	+
	Possible


a Linear and/or nodular enhancement indicates a positive MRI.

· Age from 18-75 years old
· Karnofsky performance status ≥ 20
· Life expectancy > 2 months
· No other severe chronic diseases
· Participants must have normal hepatic, renal and marrow function as defined in Table 2, and all screening labs should be performed within 7 days before enrollment

Table 2. Adequate main organ function laboratory values

	System
	Laboratory Value

	Hematological
	

	  White blood cell count 
	≥ 3.0 x 10^9/L

	  Absolute neutrophil count
	≥ 1.5 x 10^9/L

	  Platelets
	≥ 100 x 10^9/L

	  Hemoglobin
	≥ 90 g/L 

	Hepatic
	

	AST and ALT 
	≤ 3 x ULN or
≤ 5 x ULN for patient with known hepatic disease 

	Serum total bilirubin
	≤ 1.5 x ULN

	Renal
	

	  Serum creatinine
	≤ 1.5 x ULN

	 Ccr
	Female Ccr = 

[image: image2.emf](140 — age in years) x weight in kg x 0.85

72 x serum creatinine in mg/dL










Male CrCl = 

[image: image3.emf](140 — age in years) x weight in kg x 1.00

72 x serum creatinine in mg/dL











	Heart
	

	LVEF
	≥50%

	Coagulation
	

	INR or PT
	≤1.5 x ULN unless patient is receiving anticoagulant therapy, and within therapeutic range of intended use of anticoagulants

	APTT 
	≤1.5 x ULN unless patient is receiving anticoagulant therapy, and within therapeutic range of intended use of anticoagulants


Note: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ULN, upper limit of normal; Ccr, creatinine clearance rate; LVEF, left ventricular ejection fraction; INR, international normalized ratio; PT, prothrombin time; APTT, activated partial thromboplastin time.

· No history of severe nervous system disease
· Concomitant brain metastases are allowed
· Patients with surgery within 14 days should have recovered from all effects of the surgery and be cleared by their surgeon
· Patients who had received systemic treatment prior to enrollment were allowed to continue their original regimens, including tyrosine kinase inhibitors (TKIs) and chemotherapy. 
· Patients may receive symptomatic supportive treatment during the trial medication period according to criteria in Section 4.8
4.2.2 Exclusion criteria

· Patients with poor general status and life expectancy less than two months
· Prior whole brain radiotherapy or focal radiotherapy for brain metastases within three months
· Hematologic malignancy or primary central nervous system malignancy
· Uncontrolled intercurrent illness including, but not limited to, ongoing or active infection, symptomatic congestive heart failure, unstable angina pectoris, cardiac arrhythmia
· Patients with serious central nervous system disorders including severe encephalopathy, moderate or severe coma, and Glasgow Coma Score (GCS) score < 8 points
· Patients who have psychiatric illness, or poor compliance
· History of allergy to study drug components
· Participants who are receiving any other investigational agents
· Concomitant intrathecal therapy with another agent will not be allowed
· Other reasons that were unsuitable for this study, including patients with lethal or extensive systemic diseases with few treatment options

4.2.3 Termination criteria

Duration of therapy will depend on individual response, evidence of disease progression and tolerance. In the absence of treatment delays due to AEs, treatment may continue for until one of the following criteria applies:

· Progression of leptomeningeal metastasis
· Unacceptable severe AEs or severe intercurrent illness that prevents further administration of treatment
· General or specific changes in the participant's condition render the participant unable for further treatment according to the judgment of investigator
· Participant demonstrates an inability or unwillingness to comply with treatment regimen or documentation requirements
· Lost to follow-up or death

Participants will be terminated for protocol therapy when any of these criteria apply. The reason and the date of treatment termination must be documented in the case report form (CRF).

4.3 Research phase assignment

4.3.1 Phase I study

Phase I of the study will be designed using the classic 3+3 dose escalation trial to determine the MTD, also the recommended dose for phase II, according to the dose-decision rule in Section 7.1. Based on the data of our previous study[20], we choose to treat patients starting at a dose of 15 mg IP with prior folic acid and vitamin B12 supplementation. Subsequently each dose group escalating by 5 mg (20 mg, …). 
4.3.2 Phase II study

Phase II of the study will be designed to observe the safety of IP with a recommended dose established in phase I. The CRR, DCR and OS were also evaluated. Please see the Section 7.2 for the complete list of sample size calculations of the Phase II study by PASS 15.0 software.
4.4 Dose-limiting toxicity assessment

Dose-limiting toxicity (DLT) will be assessed during the first six weeks of treatment, and doses will be 

escalated in successive cohorts as described in Section 4.5. DLT is assessed in Phase I study and defined as ≥ grade 3 neurological toxicities (e.g., chemical meningitis) or other ≥ grade 4 toxicity (e.g., myelosuppression, liver or kidney function damage) that occurs within the first six weeks of treatment and is assessed as unrelated to disease progression, intercurrent illness, or concomitant medications. Any DLT must be a toxicity considered to be at least possibly related to pemetrexed. 

4.5 Determination of the maximum tolerated dose

The MTD are determined by phase I 3+3 dose escalation test and DLT. Starting with the initial dose, there are 3 subjects per dose level. If DLT does not occur (0/3), the next dose level will be continued according to the established dose escalation protocol. If 1 case of DLT (1/3) occurs, 3 subjects will be added to that dose level, and if no new DLT occurs (1/6), the next dose level will be continued. If 2 cases of DLT occur (2/6), the previous dose level of that dose level will be determined as MTD. That is the MTD defined as the dose where 0/3 or 1/6 patients experienced a DLT with at least two patients encountering DLT at the higher dose. In phase I study, the initial dose of IP is 15 mg, escalated to 20 mg, and then 25 mg.... A minimum of three patients and a maximum of six patients are enrolled in each cohort.

4.6 Treatment regimen

In this phase I/II clinical study, treatment will be initiated with supplementation of folic acid and vitamin B12 followed. After that, pemetrexed will be administrated by intrathecal injection to treat LM from solid tumors. Pemetrexed are administered intrathecally plus dexamethasone 5mg, first as induction therapy, twice per week for two weeks, followed by consolidation therapy, once per week for four weeks. If LM progressed or DLT occurred during therapy, the treatment will be discontinued. If patients who are evaluated to be effective or stable, maintenance therapy will be initiated and administered once a month until the patient death, LM progresses, or severe adverse events that cannot tolerate treatment (Figure 1). Involved-field radiotherapy encompassing whole-brain irradiation, focal intracranial lesions, and/or segmental spinal irradiation was used in selected patients 


[21] ADDIN EN.CITE . Patients who had received systemic treatment prior to enrollment were allowed to continue their original regimens, including tyrosine kinase inhibitors (TKIs) and chemotherapy. However, since these patients developed LM progression while on the same therapies, this suggests failure of the systemic treatments against LM. The observed CNS progression thus reflects inherent limitations of these systemic regimens in controlling LM. In addition, symptomatic and supportive treatment was permitted for patients with severe conditions.
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Figure 1. Treatment regimen of intrathecal pemetrexed

Legend: IP: intrathecal pemetrexed
Folic acid and vitamins B12 are used to reduce the occurrence of toxic side effects of IP such as myelosuppression. Folic acid 400 μg is administered orally once daily, prior to the first IP, until 21 days after the last IP. Vitamin B12 1000 μg is administered by intramuscular injection before the first IP, once per two months. 
4.7 Treatment product

The treatment product, pemetrexed (Alimta), is supplied by Eli Lilly and Company. The investigational product is dispensed only from official study sites by authorized personnel. The treatment product should be kept at room temperature and stored at a temperature of 2°C to 8°C for no more than 24 hours after dissolution.

4.8 Supportive care guidelines

All medications used during the study will be recorded in the medical record. Concomitant medications should be recorded from the time of consent until patient goes off the study. Supportive care guidelines include:

· Antiemetic therapy may used as needed and will be recorded in the medical record.
· Patients with a poor appetite could use appetite promoting drugs such as megestrol.
· For patients with severe neurological dysfunction, glucocorticoids could be given. Glucocorticoids should be used in the smallest dose and should be discontinued if possible.
· Patients with increased intracranial pressure could be given mannitol and/or glycerol fructose in the context of normal glomerular filtration function and serum potassium.
· The occurrence of febrile neutropenia may require appropriate laboratory testing, including blood, sputum, and urine cultures, and application of broad-spectrum antibiotics. If the source of the fever is not identified or the fever resolves when the neutrophil count recovers, antibiotics should be discontinued.
· Patients with myelosuppression could be given recombinant human granulocyte colony-stimulating factor, recombinant human interleukin 11, and recombinant human thrombopoietin to promote hematopoietic therapy.
· Patients with drug-related liver function damage should be given liver care drugs including glutathione, monoammonium glycyrrhizinate, and bicyclol.
· Patients who developed drug-related renal impairment after enrollment should be treated with creatinine-lowering drugs.
· Patients with severe hydrocephalus can be treated with craniocerebral radiotherapy to accelerate cerebrospinal fluid circulation and waste metabolism, and relieve symptoms.
4.9 Dose modifications/dose delay 

4.9.1 Dose modifications

Intrapatient dose reductions or dose escalations of IP are not permitted. 

NOTE: When severe or persistent drug-related hematological toxicity occurs, the oral dose of folic acid may be increased to 800 μg once daily until the toxicity is resolved.

4.9.2 Dose delay

· The treatment should be delayed when subject develops intolerable Grade ≥ 2 CNS toxicities.
· Any ≥ Grade 3 drug-related hematologic toxicities, including leukopenia, thrombocytopenia, except for decreased hemoglobin.
· If participant has a baseline of AST, ALT, or total bilirubin that is within normal limits, delay dosing for drug-related Grade ≥ 2 toxicity.
· If participant has a baseline of AST, ALT, or total bilirubin within the Grade 1 toxicity range, delay dosing for drug-related Grade ≥ 3 toxicity.
· Grade ≥ 3 fatigue or nausea requires evaluation by the investigator to determine if delay of IP is necessary.
· Any AE, laboratory abnormality, or intercurrent illness which, in the judgment of the investigator, warrants delaying the dose of study medication.
Patients who require delay of IP should be re-evaluated every two to three days or more frequently if clinically indicated. The maximum timeframe that treatment may be delayed (for toxicity that is either related or unrelated to study treatment) is four weeks. The patient may resume treatment when toxicity has resolved per the investigator’s discretion. Detailed evaluation criteria for AEs are shown in Section 5.  

4.9.3 Criteria to resume treatment 
Subjects may resume IP when the drug-related AE(s) resolve to Grade ≤1 or baseline value, with the following exceptions:  
· Patients may resume treatment in the presence of Grade 2 fatigue or nausea.
· Patients with baseline Grade 1 AST/ALT or total bilirubin who require dose delays due to reasons ≥ grade 3 AST/ALT or total bilirubin may resume treatment with a reduction to grade 2 AST/ALT or total bilirubin.
· Drug-related CNS toxicities must have resolved to baseline before treatment is resumed.
If the criteria to resume treatment are met, the patient should restart treatment at the next scheduled time point per protocol. However, if the treatment is delayed past the next scheduled time point per protocol, the next scheduled time point will be delayed until dosing resumes. If treatment is delayed or interrupted for > 4 weeks, the participant must be permanently discontinued from study therapy, except as specified in discontinuation section.  
4.9.4 Discontinuation criteria

The experimental drug should be discontinued when serious AEs or uncontrollable events occur. Permanent discontinuation of IP is required in any of the following cases：

· For intrathecal dosing, any ≥ Grade 3 drug-related CNS toxicities that do not respond to medical intervention or CSF drainage should be discontinued
· Grade 3 drug-related laboratory abnormalities do not require treatment discontinuation except those noted below:

· Grade 3 drug-related thrombocytopenia ≥ 7 days or associated with active bleeding requires discontinuation.
· Drug-related liver function test abnormality that including AST or ALT > 10 x upper limit of normal (ULN) or total bilirubin > 5 x ULN.
· Any Grade 4 drug-related AE or laboratory abnormality, except for Grade 4 leucopenia

· Any dosing interruption lasting > 4 weeks with the following exceptions
·  Dosing interruptions > 4 weeks that occur for non-drug-related reasons may be allowed if approved by the investigator. Prior to re-initiating treatment in a patient with a dosing interruption lasting > 4 weeks, the investigator must be consulted. Tumor assessments should continue as per protocol even if dosing is interrupted.
· If the treating physician considers ongoing treatment with IP to provide clinical benefit, subjects may continue to be dosed with IP according the schedule of protocol. The investigator must be consulted and agree with continued treatment with IP and the patient must demonstrate benefit to continue treatment.
5 Study procedures 

	5.1 Table 3. Schedule of assessment
　
	Baseline
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6
	Week 10
	Every 2-3 Months (from Week 7)

	　
	　
	Induction Phase
	
	Consolidation Phase
	Maintenance Phase

	Routine Assessments
	　
	　
	　
	　
	　
	
	　
	　
	　
	　

	Informed Consent
	x
	　
	　
	　
	　
	
	　
	　
	　
	　

	Demographic Information
	x
	　
	　
	　
	　
	
	　
	　
	　
	　

	Medical History
	x
	　
	　
	　
	　
	
	　
	　
	　
	　

	Concomitant Medications
	x
	x
	x
	x
	x
	
	x
	x
	x
	x

	Physical Exam/Vital Signs/KPS
	
	x
	x
	x
	x
	
	x
	x
	x
	x

	AEs
	x
	x
	x
	x
	x
	
	x
	x
	x
	x

	DLT
	
	x
	x
	x
	x
	
	x
	x
	　
	　

	Laboratory Tests
	　
	　
	　
	　
	　
	
	　
	　
	　
	　

	Complete Blood Count a
	x
	x
	x
	x
	x
	
	x
	x
	x
	x

	Serum Chemistry b
	x
	x
	x
	x
	x
	
	x
	x
	x
	x

	Neuroimaging/CSF Cytology/Neurological Function
	　
	　
	　
	　
	　
	
	　
	　
	　
	　

	CSF Cytology c
	x
	　
	x
	　
	x
	
	　
	x
	　
	x

	Neurological Assessments d
	x
	x
	x
	x
	x
	
	x
	x
	　
	x

	Brain MRI e
	x
	　
	　
	　
	　
	
	　
	x
	x
	x

	Spinal MRI e
	x
	　
	　
	　
	　
	
	　
	x
	x
	x


This table details the examination items for each week and specific time points, with "x" indicating that the item needs to be performed at the corresponding time point.
a White blood cells, neutrophils, platelets
b Blood urea nitrogen (BUN), creatinine, total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT)
c During the induction and consolidation therapy, CSF cytology is performed at baseline and every two weeks using ThinPrep and Papanicolaou staining, and during maintenance therapy, it is performed every 2-3 months.
d Neurological examinations are conducted at baseline and weekly to record changes in neurological symptoms and signs during induction and consolidation therapy, and every 2-3 months during maintenance therapy.
e Neuroimaging assessments are conducted at baseline, at the end of consolidation therapy, and four weeks later, followed by every 2-3 months during maintenance therapy.
Abbreviations: KPS, Karnofsky Performance Status; AEs, Adverse Events; DLT, Dose-Limiting Toxicity; CSF, cerebrospinal fluid.
5.2 Safety assessment 

All participants will undergo safety assessments. Adverse event evaluations will be conducted by the investigator or designated physician during each outpatient visit or hospitalization. Adverse events will be graded according to the Common Terminology Criteria for Adverse Events (CTCAE, version 5.0). Grades 4-5 are defined as serious adverse events.
5.2.1 Definition of AE

An Adverse Event (AE) is defined as any new untoward medical occurrence or worsening of a preexisting medical condition in a clinical investigation subject administered an investigational (medicinal) product and that does not necessarily have a causal relationship with this treatment. AEs include any undesirable or unrelated signs (including abnormal laboratory findings), symptoms, or illnesses associated with the use of the medical product, whether or not deemed related to it.

5.2.2 Definition of SAE

A Serious Adverse Event (SAE) is any untoward medical occurrence during clinical trials that necessitate hospitalization or prolonged hospital stay, result in disability, affect the ability to work, are life-threatening, lead to death, or cause congenital malformations. SAEs include the following unexpected medical events:

• Leading to the death.

• Life-threatening Event (defined as an event in which the subject was at risk of death at the time of the event).
• Requiring hospitalization or causing prolongation of existing hospitalization. Any initial hospital admission, even if it lasts less than 24 hours, meets this criterion. Hospitalization or prolonged hospitalization not related to worsening of adverse events are not serious adverse events, Hospitalization solely due to symptoms and signs of disease progression should not be classified as a serious adverse event unless it leads to death during the trial or safety reporting period. Hospitalization or prolonged hospitalization due to the following conditions are not required to be reported as SAE.

-Outpatient/same day/bed free treatment procedures.

-Administrative hospitalization (e.g. annual health check-up)

-Social hospitalization (e.g., patient has nowhere to sleep)

-Hospitalization under protocol in clinical trials (e.g., procedures required to carry out the study protocol).
-Planned treatments for pre-existing conditions (planned surgical procedures, which need to be written in advance in the original data).

• Result in persistent or significant disability/incapacity.

• Congenital anomaly/birth defect (use of the study drug before or during pregnancy resulted in adverse outcomes in the newborns of study patients).

• Potential drug induced liver injury (DILI) is also considered an important medical event. 

• Pregnancy. Pregnant or may have been pregnant at the time of investigational product exposure, including during at least 6 half-lives after product administration should be reported as serious adverse events.

• Overdose. Overdose occurs when a subject administers the investigational medication at a dose exceeding the investigator's prescribed amount within 24 hours (as per the protocol).All instances of trial drug overdoses, whether associated with adverse events or serious adverse events, must be reported as serious adverse events.

5.2.3 Other safety considerations

Any significant worsening noted during interim or final physical examinations, electrocardiograms, x-rays, and any other potential safety assessments, whether or not the protocol requires these procedures, should also be recorded as a nonserious or seriousAE, as appropriate, and reported accordingly.

5.3 AEs classification
An adverse medical event occurs after the subject receives the investigational drug, the investigator immediately grade the adverse event according to the NCI Common Toxicity Criteria for Acute（NCI-CTCAE 5.0）and Subacute Toxicity Reactions, evaluate the severity, and determine whether the adverse event is related to the investigational drug (definitely related, probably related, possibly related, possibly unrelated, unrelated).
(1) The CTCAE 5.0 classification is based on the severity of AEs and is classified into grades 1-5 according to severity.
I: mild; Asymptomatic or mild; Clinical or diagnostic findings only; No treatment required.
II: moderate; Require minor, local or non-invasive treatment; Age-appropriate limitations in instrumental activities of daily living (e.g. cooking, buying clothes, using the telephone, managing finances, etc.). 
III: serious or medically important but not immediately life-threatening; Resulting in hospitalization or prolonged hospitalization; To become disabled; Limited activities of daily living (such as bathing, undressing, eating, washing, taking medication, etc., and not bedridden).
IV: life-threatening; Need urgent medical attention. 
V: Death related to AE
(2) AEs not explicitly listed in the NCI toxicity classification criteria are assessed according to the following criteria:
I (mild): uncomfortable feeling, but do not affect normal daily activities;
II (moderate): uncomfortable enough to reduce or affect normal daily activities;
Ⅲ (serious): unable to work or normal daily activities;

Ⅳ (fatal): disability or death.
The correlation determination of AEs and drug in drug clinical trials (definitely related, probably related, possibly related, possibly unrelated, unrelated) see in Table 4.

Table 4. Criteria for determining the relationship between AE and trial drug
	Standard
	Related to the trial drug
	Unrelated to the trial drug

	
	Definitely related　
	Probably related
	Possibly related
	Possibly unrelated
	　Unrelated

	Reasonable chronological order
	+
	+
	+
	+/-
	-

	The reaction conforms to the known mechanism of action, properties or known adverse effects of the drug
	+
	+
	+
	-
	+
	-
	-

	Removing the cause can improve
	+
	+
	+
	-/？
	+
	-/？
	-/？
	-/？-

	Re-administration can be repeated
	+
	-/？
	-/？
	-/？
	--/？

	The reaction may have an additional explanation
	-
	-
	+
	-
	-
	-
	++
	+
	+


5.4 AEs record
During the trial, adverse events should be collected and recorded in strict accordance with the requirements of the project protocol. The main elements recorded include: AE name, grade (or severity), start time, duration, end time, treatment measures, outcome, and correlation with the drug under study. All nonserious adverse events (not only those deemed to be treatment-related) should be collected continuously during the treatment period. Treatment related adverse events should be collected for a minimum of 100 days following the last dose of study treatment.
Non-serious AEs should be followed to resolution or stabilization, or reported as SAEs if they become serious. Follow-up is also required for non-serious AEs that cause interruption or discontinuation of study drug and for those present at the end of study treatment as appropriate.
5.5 SAEs reporting 
Report serious adverse events (SAEs) as soon as the subject signs the informed consent form and up to 30 days after the research medicine is administered. During the trial, SAEs must be reported to the clinical monitor and the primary investigator within 24 hours. To report a SAE, fill out the Serious Adverse Event Report Form and fax it to the team leader and researcher's Ethics committee.

The reporting of serious adverse events should include details such as symptoms, severity, time of occurrence, treatment administered, measures taken, follow-up time, and follow-up method, as well as the outcome. If the investigator believes that a serious adverse event is unrelated to the trial drug but potentially related to the study condition (e.g., discontinuation of original treatment or comorbidities during the trial), this relationship should be explained in the narrative section of the Serious Adverse Events report. If there is any change in the intensity or relationship of an ongoing serious adverse event with the investigational drug, an immediate update in the form of a serious adverse event follow-up report should be submitted to the sponsor. All serious adverse events should be followed up until they either recover or stabilize.
6 Disease response assessment
6.1 Definition of response 

Response of LM to treatment will be determined by using the RANO LM criteria. Table 5 below provides the overview for response criteria based on cytology, neurological exam as well as imaging data. CRR was defined as the incidence of at least one of the evaluations of CSF cytology, neurological status and neuroimaging findings rated as improved, and there was no disease worsening at the same time. DCR was defined as the incidence of patients who did not experience disease progression during the initial treatment periord (induction and consolidation therapy). Disease progression was defined as worsening of neuroimaging or neurological dysfunction.  
Table 5. RANO-LM response criteria：
	Assessment
	Response
	Progressive or refractory disease
	Stable disease

	　
	　
	Neurological examination defined progression
	CSF defined disease progression
	Radiologic defined disease progression
	Symptoms^
	　

	Neurological exam
	Improved
	Worse
	Stable
	Stable
	Stable
	Stable

	CSF Cytology (all cancers)
	Negative
	Negative
	Positive (lack consensus)
	Negative
	Negative
	Negative or positive (solid tumors only)

	CNS imaging
	Definite improvement
	Stable
	Stable
	Definite worsening
	Stable
	Stable or equivocally worsening or improved

	Symptom assessment
	Improved
	Worse or stable
	Worse or stable
	Worse or stable
	Worse
	Stable


Note:
CSF cytology negative: Defined as either true negative or atypical; 
CSF cytology positive: Defined as true positive or suspicious; 
Stable: Defined as stable or indeterminate

Symptoms^ : Stable; no change(-1 to +1 in symptom inventory)；

Worse; -2 to-3 in symptom inventory；
Improved; 2 to 3 in symptom inventory.
6.1.1 CSF cytological assessment
CSF cytology assessment was performed at baseline and each time of IP using Thinprep plus Papanicolaou staining during induction and consolidation therapy, and then every month during maintenance therapy. Patients with baseline positive CSF cytology will be evaluated for cytological response if their CSF cytology turns negative four weeks or more after the initial treatment.

6.1.2 Neuroimaging assessment
One of the very challenging elements of response assessment in LM is the neuroimaging evaluation. Table 6 shows the prerequisites and Sequences for MRI. MRI abnormalities of LM include enhancement of the leptomeninges of the brain or spinal cord identified as enhancement of the cranial nerves and spinal nerve roots, brain surface, cerebellar foliae and within cerebral sulci. Enhancement may be nodular, linear or curvilinear as well as focal or diffuse. 

Neuroimaging evaluation was performed at baseline, at the end of consolidation therapy and four weeks after that, and then every 2-3 months during maintenance therapy. Neuroimaging assessment was performed according to the proposal for a revised Leptomeningeal Metastasis Working Group grid by three neuroradiologists and two neuro-oncologist (Table 7) 
 ADDIN EN.CITE 
[22]
. 

Table 6. Prerequisites and sequences for MRI

	MRI Prerequisites

	1. 5T and 3T MR scanners only

	Use of same MRI at baseline and follow-up

	MRI to be performed prior to lumbar puncture

	Recommended MRI sequences - Routine MRI brain and spine study sequences to include:

	- Brain

	- Volumetric 3D T1 (MPRAGE or SPGR) post-contrast image with isotropic 1mm voxels to permit reformatting in 3 planes (axial, coronal, and sagittal)

	- Reformatted slice thickness 3mm to obtain good SNR & manageable number of slices for full brain coverage

	- IV Contrast dose = 0.1mmol/kg of gadolinium-based agent

	- Spine

	- Volumetric 3D T1 (MPRAGE or SPGR) post-contrast image in sagittal plane with isotropic 1mm voxels to permit reformatting in 3 planes (axial, coronal, and sagittal) with a 2-3mm reformatted slice thickness without gap


Table 7. Imaging assessment

	MRI findings
	Present (1) or absent (0) or non-evaluable (NE)
	Dimensions of measurable nodules defined as ≥5 x 10mm (orthogonal diameters)
	Change from previous MRI (-3 to +3)

	Brain
	　
	　
	　

	Nodules (subarachnoid or ventricular)
	　
	　
	　

	Leptomeningeal enhancement*
	　
	　
	　

	Cranial nerve enhancement
	　
	　
	　

	Hydrocephalus^
	　
	　
	　

	Parenchymal (brain metastases) ^
	　
	　
	　

	Spine
	　
	　
	　

	Nodules (subarachnoid)
	　
	　
	　

	Leptomeningeal enhancement
	　
	　
	　

	Nerve root enhancement
	　
	　
	　

	Parenchymal (intramedullary metastases) ^
	　
	　
	　

	Epidural metastasis ^
	　
	　
	　

	Total score
	　
	　
	　


*Leptomeningeal enhancement may include pia, cerebellar folia, ventricular ependyma or cerebral sulci. 
^Both hydrocephalus and parenchymal metastases, either brain or spine, are noted as present or absent but not used for LM response determination.

Column 2: scored as 1 (present) or 0 (absent) or non-evaluable (NE).
A maximum of 5 radiographic target lesions are selected from baseline imaging to score on follow-up.

Column 3: scores each measurable lesion (at least 5 x 10mm) excluding parenchymal as 1 (present with maximum orthogonal diameters) or 0 (absent).

Column 4: change from baseline or prior image scored as same (0), probable improvement (+1), definite improvement (+2), no evidence of disease (+3) or probable worsening (-1), definite worsening (-2), new site(s) of disease (-3).

Measurable nodules defined as >5 x 10 mm are scored as same (0), resolved (no evidence of disease, complete response), definitely better (+2; partial response) [decrease by >50% in the summed product of orthogonal diameters], definite worsening (-2; progressive disease) [increase by >25% in the summed product of orthogonal diameters].

A composite score (total score) is calculated and compared to the baseline total score.
A 25% worsening in the current score relative to baseline defines radiographic progressive disease.
A 50% improvement in the current score defines a radiographic partial response.
Resolution of all baseline radiographic abnormalities defines a complete response.

All other situations define stable disease.

6.1.3 Neurological examination
Neurological examinations will be conducted at baseline and weekly to record changes in neurological symptoms and signs during induction and consolidation therapy, and every month during maintenance therapy. Continuous improvement in neurological function over two weeks will be assessed as effective. The neurological examination will follow the RANO (Response Assessment in Neuro-Oncology) neurology assessment criteria (Table 8) 
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. Progressive disease in the neurological examination is defined, using the neurologic examination scale (below) as a change of two or more levels in a single given domain (e.g., gait) OR as a change to level 3 (or level 2 in domains, defined by only 3 levels) in any one domain.

Table 8. Neurological examination key points

	Domain 
	Level of Function Score 
	Key Considerations 

	　
	0
	1
	2
	3
	　

	Gait
	Normal
	Abnormal but walks without assistance
	Abnormal and requires assistance (companion, cane, walker, etc.)
	Unable to walk
	1. Walking is ideally assessed by at least 10 steps.

	Strength
	Normal
	Movement present but decreased against resistance
	Movement present but none against resistance
	No movement
	1. Each limb should be tested separately.
2. Recommend assess proximal (above knee or elbow) and distal (below knee or elbow) major muscle groups.
3. Score should reflect worst performing area.
4. Patients with pre-existing level 3 function in one major muscle group/limb at baseline can be scored based on assessment of other major muscle groups/limb.

	Sensation
	Normal
	Decreased but aware of sensory modality
	Unaware of sensory modality
	-----------
	1. Recommend evaluating major body areas separately (face, limbs and trunk).
2. Score should reflect worst performing area.
3. Sensory modality includes but not limited to light touch, pinprick, temperature and proprioception.
4. Patients with pre-existing level 2 function in one major body area at baseline can be scored based on assessment of other major body areas.

	Vision
	Normal
	Partial monocular visual loss
	Complete monocular visual loss
	Bilateral visual loss
	1. Patients who require corrective lenses should be evaluated while wearing corrective lenses.
2. Each eye should be evaluated and score should reflect worst performing eye.

	Eye movements
	Normal
	Abnormality noted in 1 direction of gaze
	Abnormality noted in more than 1 gaze direction, but not all
	Unable to move the eye in any gaze direction
	1. Test eye movements for each eye individually.
2. The score will reflect the worst performing eye (i.e., the highest score).

	Facial strength
	Normal
	Mild facial weakness (nasolabial fold flattening, asymmetric smile, decreased forehead contraction or partial eye closure)
	Severe facial weakness (severe NLF flattening, asymmetric smile with limited or no movement of face, incomplete eye closure, or bilateral facial weakness)
	　
	1. Weakness includes nasolabial fold flattening, asymmetric smile and difficulty elevating eyebrow.

	Hearing
	Normal
	Impaired but residual serviceable hearing
	Absent unilateral hearing
	Bilateral hearing loss
	1. Each ear should be evaluated and score should reflect worst performing ear.

	Swallowing
	Normal
	Impaired but not requiring change in diet formulation, not aspirating by bedside testing
	Unable to swallow without risk of aspiration by bedside testing
	------------
	1. Bedside testing comprised of a swallow test with a small glass of water.


	Level of consciousness
	Normal
	Drowsy (easily arousable & responsive)
	Somnolent (difficult to arouse & poorly responsive)
	　
	　

	Behavior
	Normal
	Severe alteration
	Mild/moderate alteration
	Coma (unarousable & unresponsive)
	1. Alteration includes but is not limited to apathy, disinhibition and confusion.
2. Consider subclinical seizures for significant alteration.

	Other
	Normal
	Occasional or mild
	Persistent, moderate to severe
	------------
	　


Legend: “Other”: Neurological findings not otherwise defined in the current examination, for example ataxia.

6.2 Observation and follow-up

During induction and consolidation phase (first six weeks), there will be at least two visits per week. One month after that, there will be visits monthly until 12 months after treatment or until the patient's death. 
6.3 Monitoring of extracranial disease 

CT C/A/P will be performed at the same time points as the MRI brain and spine, and will used to monitor the extracranial disease status. Extracranial response will be evaluated using Version 3.0 July 24, 2018 the RESIST 1.1 Criteria.

7 Statistical considerations

This Phase I/II study aims to determine the MTD of IP with prior folic acid and vitamin B12 supplementation, as well as its safety, feasibility and therapeutic activity in newly diagnosed LM from solid tumors. The study is divided into two parts. The Phase I study employs a traditional 3 + 3 design, with IP doses starting at 15 mg and escalating. The Phase II study uses the recommended dose determined in Phase I. IP will first be administered as induction therapy twice a week for two weeks, followed by consolidation therapy once a week for four weeks, and finally monthly as maintenance therapy. Vitamin B12 and folic acid will be administered before the first IP.

7.1 Phase I study
In the Phase I study the initial dose of intrathecal pemetrexed is set at 15 mg, followed by increments to 20 mg and then 25 mg. Each cohort will recruit a minimum of three patients and a maximum of six patients. DLT is defined as grade 3 neurotoxicity (e.g., chemical meningitis) or other ≥ grade 4 toxicity. If none of the three patients experience any DLT, the next cohort of three patients will be enrolled at the next higher dose level. If one of the three patients experiences DLT, up to three additional patients may be enrolled at the same level. The MTD, also the recommended dose for phase II, is defined as the dose at which 0/3 or 1/6 patients experience DLT and at least two patients experience DLT at a higher dose. 

[image: image5.jpg]



Figure 2. The flowchart for the 3+3 dose escalation design
7.2 Phase II study
The Phase II study will utilize the recommended dose determined in Phase I and aims to observe the safety, feasibility and therapeutic activity of IP at the recommended dose from the Phase I study. Since the CRR varies greatly in clinical studies of LM due to subjective evaluation of researchers 
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, we opted OS to estimate the sample size for this study. The sample size will be calculated using PASS 15.0 software, with the target number estimated based on the median OS. Based the previous study[20], we hypothesize H0 as an OS of 3.8 months and H1 as 6.8 months. A total of 28 patients will be needed in the Phase II study to achieve 80% statistical power, with a predefined one-sided α of 5%.
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Report Definitions

Power is the probability of rejecting a false null hypothesis.

N is the sample size of the New group, assuming no subject lost to dropout or follow-up during the study.

E is the expected number of events (failures) in the new group during the study.

Ta is the length of the accrual time during which subjects are added to the study. Subjects are added uniformly.
Tf is the length of the follow-up time after the last subject is added to the study.

HR is the hazard ratio (A1/A0) is the new group's hazard rate divided by the hazard rate of the historic control.
MO is the median survival time of the historic control group.

M1 is the median survival time of the new (treatment) group.

k is the shape parameter of the Weibull distribution used for both groups.

Alpha is the probability of rejecting a true null hypothesis.

P1 is the probability that a subject in the new group experiences an event (failure) during the study.




Figure 3. Sample size calculation using PASS 15.0
7.3 Patient Characteristics 

Demographic and baseline characteristics of the ITT population will be summarized for all patients. Categorical measures will be summarized using frequencies and percentages while continuous variables will be summarized using mean, standard deviation, median, minimum, and maximum. 

The R tools 4.0 software was used for data analyses. Fisher’s exact tests were used to evaluate the difference of response rate between patients with various pathological types. Survival analyses were performed using the Kaplan–Meier method. P < 0.05 demonstrated a significant difference.

8 Ethics, regulations, and administrative principles

8.1 Ethical principles

This study will be conducted in strict adherence to the Helsinki Declaration of the World Medical Association Assembly from 1964 and all subsequent amendments.

8.2 Laws and regulations

This study will be carried out in full compliance with all relevant laws and regulations.

8.3 Confidentiality agreement

All materials, whether oral or written, as well as unpublished documents, including the protocol and CRF, provided to the investigator or any actions conducted by the sponsor on behalf of the investigator, including this scheme and CRF, are the exclusive property of the institution where PI is located.

The investigator and any member of their team are prohibited from disclosing such materials to unauthorized individuals without the prior formal written consent of the institution where PI is located.

In addition to regulatory disclosures, the investigator is obligated to maintain confidentiality regarding all information received, obtained, or derived during the course of this study, and must take all necessary measures to prevent any unauthorized disclosures.

8.4 Record-keeping

The investigator is responsible for arranging the storage of study documents until the study is completed. Furthermore, the investigator should maintain patient records in compliance with specific local regulations and guidelines.

Unless otherwise specified by the investigator's protocol, it is recommended that the investigator retain the study documents for a minimum of five years after the study's completion or interruption, in accordance with applicable standards and local laws.

8.5 Early discontinuation of study

The PI’s institution reserves the right to discontinue the study at any time and for any reason. Any decision to terminate the study will be communicated to participating investigators in writing.

If applicable, the Ethics Committee (IRB) and the Health Regulatory Authority shall be promptly informed in accordance with local regulations.

8.6 Inspection and supervision institutions of the applicant
The investigator agrees to refer the sponsor inspector / supervisor inspectors directly to the subject's study records for review and understands that these personnel are subject to the principle of professional confidentiality and should not disclose any personal identity or personal medical information of the patient.
The investigator will make every effort to assist in the audit and inspection so that the auditor / inspector has access to all necessary equipment, data and documentation.

The confidentiality of the validation data and patient protection should be respected during these visits.

The investigator shall immediately communicate with the sponsor the results and information given after the regulatory visit.

The investigator shall take appropriate measures as required by the sponsor to take corrective actions for all problems identified during the audit or inspection process.

9 Revision of the protocol

Any revision to the protocol will be recorded in a written revision and signed by the investigator and sponsor. A signed revision will be attached to this protocol.

A revision of this protocol may need to be submitted in accordance with local regulations.

10 Use of the documents and study findings

10.1 Ownership and use of study data and results 
All the data shall not be used without the permission of the PI’s institution.
The Scientific Committee has full access to the final data so that appropriate academic analysis and reporting of the findings can be performed.

10.2 Publication

All participating investigators and committee members authorized the scientific committee fully to make the first publication of the results. No additional publication will be allowed until the initial publication. Any subsequent publication by study participants (including sub-studies) must be approved by the Scientific Committee and cited for the study and the first publication.
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