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[ Abstract ] Background and purpose: Intrathecal chemotherapy is one of the mainstay treatment options for leptomeningeal
metastases (LM) from solid tumors. A previous phase [ study demonstrated the safety and potential efficacy of intrathecal anti-
programmed death receptor 1 (anti-PD-1) for LM from melanoma. The synergistic efficacy of systemic chemotherapy combined with
anti-PD-1 has been widely known. This study aimed to evaluate the safety and feasibility of intrathecal chemotherapy (pemetrexed)
and anti-PD-1 (toripalimab) for LM patients from solid tumors. Methods: The subjects were patients with LM from solid tumors who
were treated at Affiliated Huizhou Hospital of Guangzhou Medical University/Third People’s Hospital of Huizhou City. A 3+3 dose
de-escalation strategy was implemented to determine the recommended dose with an initial dose of PD-1 inhibitor (toripalimab) 40
mg and pemetrexed 15 mg. Pemetrexed was administered twice weekly for the initial 2 weeks of induction therapy, once weekly for
the subsequent 4 weeks of consolidation therapy, and once monthly during maintenance therapy. PD-1 inhibitor was initiated at the
4th administration of pemetrexed, administered every 2 weeks for 6 weeks; subsequently, responders continued monthly maintenance
therapy alongside pemetrexed. The primary objective was to assess safety based on adverse events and the recommended dose. All
participants were observed to investigate the clinical response rate (CRR), disease control rate (DCR) and overall survival (OS).
This study was approved by the ethics committee of Affiliated Huizhou Hospital of Guangzhou Medical University/Third People’s
Hospital of Huizhou City (ethics number: 2024-KY-029-01). Results: Seven patients (male: 3, female: 4, median age: 57 years) were
enrolled between June and September 2024, including non-small cell lung cancer (6) and breast cancer (1). All patients presented
with positive cerebrospinal fluid (CSF) cytology. Six patients presented LM-related neurological dysfunction. Five patients showed
LM-related neuroimaging findings. Six patients completed the induction and consolidation therapy, and subsequently received
maintenance therapy. One patient, due to bacterial meningitis, did not complete the final administration of toripalimab during
consolidation therapy, and maintenance therapy was administered after infection control. Adverse events rate was 100% (7/7),
including myelosuppression (100.00%, n=7), elevation of hepatic aminotransferases (42.86%, n=3), fatigue (28.57%, n=2) and
hypothyroidism (14.29%, n=1). Three (42.86%) patients had grade 3 adverse events (myelosuppression). The immune-related adverse
event (irAE) rate was 14.29%, manifested as hypothyroidism (Grade 2). No dose-limiting toxicity (DLT) was observed. Thus, no de-
escalation was applied. The recommended dose was determined to be PD-1 inhibitor 40 mg in combination with pemetrexed 15 mg.
Three patients showed improved neurological dysfunction, 1 with CSF cytological response, and 2 with neuroimaging improvement.
CRR was 57.14% (4/7) by response assessment in neuro-oncology (RANO) proposal criteria. DCR was 100% (7/7). Three patients
exhibited abscopal effects with regression of brain metastasis lesions, primary lung lesion and mediastinal lymph nodes, respectively.
As of April 10, 2025, 1 patient died. The median follow-up time was 7.7 (5.9-9.3) months. The median OS was not reached with a
6-month OS rate of 85.71%. Conclusion: The combination therapy of intrathecal pemetrexed and a PD-1 inhibitor was well-tolerated
and feasible, while also exhibiting potential clinical efficacy in treating LM from solid tumors including non-small cell lung cancer.
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Tab. 1 Basic characteristics of patients and treatment details

. Molecular . . Extraneural lesions
No. Gender Agelyear Primary tumor type Characteristic CPS/TPS  Prior systematic treatment at enrollment
Pl Female 41 Breast cancer HER2 3+ NA Chemotherapy, targeted Stable
therapy
P2 Female 53 Lung adenocarcinoma 21L858R NA Gefitinib, almonertinib, Stable
chemotherapy
P3 Male 59 Lung adenocarcinoma KRAS Exon- 3% Sotorasib Stable
2G12C
P4 Male 58 Lung adenocarcinoma 21 L858R 0% Chemotherapy, icotinib, Stable
osimertinib (80, 160 mg),
furmonertinib (160 mg)
P5 Female 60 Lung adenocarcinoma 21L858R 0% Icotinib, erlotinib, Stable
osimertinib (80 mg),
chemotherapy
P6 Male 62 Lung adenocarcinoma 21L858R 98% Chemotherapy, gefitinib, Stable

almonertinib (110 mg),
furmonertinib (80 mg)

P7 Female 54 Lung adenocarcinoma 21L858R 0% Furmonertinib (80, 160 mg), Stable
chemotherapy, osimertinib
(160 mg)
No. KPS Symptom Sign Imaging Cytology Previous treatment related to LM
Pl 70 Headache Hypoesthesia, abnormal Linear and Positive none
gait nodular
enhancement
P2 50 Dizziness, Bilateral blindness Linear and Positive none
headache, nodular
vomiting enhancement
P3 70 Dizziness, Decreased hearing, Linear Positive none
headache decreased vision enhancement
P4 70 Dizziness Hypoesthesia, decreased Linear Positive none
hearing, decreased enhancement

muscle strength

P5 70 Headache, nausea, none none Positive none

vomiting
P6 60 Dizziness, Hypoesthesia, abnormal Linear and Positive Intrathecal methotrexate 10 times

headache gait, decreased muscle nodular

strength enhancement
P7 60 Dizziness, Blurred vision, none Positive none
headache, nausea, decreased muscle
vomiting strength

KPS: Karnofsky performance status; CPS: Combined positive score; TPS: Tumor proportion score; NA: Not available.
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Tab.2 Treatment-related adverse events during therapy

No. Timepoint of adverse events occurrence Adverse events and grading Treatment
P1 After the 3rd IP; Grade 3 hematologic toxicity; Leukocyte and platelet elevation therapy;
After the 6th IP; Grade | EHA; Hepatoprotective therapy;
After the 11th IP Grade 2 hypothyroidism Levothyroxine tablet replacement therapy

P2 After the 3rd IP;
After the 3rd IP Grade 1 EHA
P3 After the 6th IP
P4 After the 6th TP
P5 After the 4th IP;
After the 4th IP; Grade 2 fatigue;
After the 7th IP Grade 1 EHA
P6 After the 4th IP;
After the 7th IP Bacterial meningitis
P7 After the 4th IP; Grade 2 fatigue;
After the 6th TP

Grade 1 hematologic toxicity;

Grade 1 hematologic toxicity
Grade lhematologic toxicity

Grade 3 hematologic toxicity;

Grade 3 hematologic toxicity;

Grade 1 hematologic toxicity

Leukocyte elevation therapy;
Hepatoprotective therapy

Iron supplementation
Leukocyte elevation therapy

Leukocyte and platelet elevation therapy;
None;
Hepatoprotective therapy

Leukocyte and platelet elevation therapy;
Suspend intrathecal injection, initiate
antibacterial therapy

None;
Iron supplementation

EHA: Elevation of hepatic aminotransferase.
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Fig.2 Comparison of brain magnetic resonance imaging before and after treatment in the first patient

Red markings indicate lesions that have regressed or disappeared outside the irradiation field.
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Fig.3 Comparison of mediastinal lymph nodes before and after treatment in the third patient

E4 506 8ET

AT AR BB B £ k%o EE

Fig. 4 Comparison of primary lung lesions before and after treatment in the fifth patient

The red arrow indicates the regressed primary lung lesion.
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Tab. 3 Efficacy evaluation after induction and consolidation therapy
Numbvervof l.ntrathecal Concurrent CSF cytological Imaging .
injections Survival
treatment . . Follow-up
No. . . Symptom ——  —  Signs  Outcome time/
during trial Before after month status
IT-P IT-PD-1  participation treatment treatment NRT RT

P1 15 10 Local LM and + - Improved Improved Improved Improved Response 9.3 Under
BM RT follow-up

P2 12 7 none + + Improved  Stable NA Stable Stable 59 Died

P3 14 9 Partial spine RT + + Stable Stable Stable Stable Stable 8.1 Under
follow-up

P4 12 7 None + + Improved  Stable NA  Improved Response 7.7 Under
follow-up

P5 13 7 Partial spine RT + + Improved Stable  Stable  Stable Stable 7.3 Under
follow-up

P6 12 4 Partial spine RT + + Improved Stable Improved Stable Response’ 8.3 Under
follow-up

P7 14 7 None + + Improved  Stable NA  Improved Response 6.3 Under
follow-up

IT-P: Intrathecal pemetrexed; IT-PD-1: Intrathecal PD-1 inhibitor;

BM: Brain metastasis; RT: Assessment of effects in the irradiated areca; NRT:

Assessment of effects in the non-irradiated area. : The response is only due to the effect of radiotherapy; NA: Not applicable.
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