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ABSTRACT: Background: Non-small cell lung cancer (NSCLC) patients with leptomeningeal metastasis (LM) have
a very poor prognosis. Intrathecal pemetrexed (IP) has shown moderate efficacy in treating patients with NSCLC-LM.
Myelosuppression is the most common adverse effect following IP administration. Despite this trend, the specific risk
factors contributing to IP-related myelosuppression remain unclear. Methods: This study conducted a retrospective
analysis of lung adenocarcinoma (LUAD) patients with LM who received IP treatment at the Second Affiliated Hospital
of Nanchang University from April 2017 to April 2024. Risk factors for myelosuppression were identified through
univariate and multivariate logistic regression analyses. Non-linear relationships and determined the inflection points
were subsequently determined using smooth curve fitting and threshold effect analysis. Results: A total of 95 patients
were identified, among whom 64 (68.42%) experienced myelosuppression, with 43 (45.26%) cases classified as severe
myelosuppression. Leukopenia emerged as the most prevalent form of myelosuppression. Age was established as an
independent risk factor for both myelosuppression and its severe form. A nonlinear relationship between age and
severe myelosuppression was observed. The risk of developing severe myelosuppression increased significantly with
age, beyond the turning point of 58 years old (OR 1.28, 95% CI 1.08-1.52; p = 0.0042). Conclusions: Advanced age is
associated with the occurrence of myelosuppression and severe myelosuppression. The probability of developing severe
myelosuppression increases significantly in individuals aged 58 years or older.
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1 Introduction

Leptomeningeal metastasis (LM) is a severe complication of non-small cell lung cancer (NSCLC),
characterized by the dissemination of tumor cells to the leptomeninges, including the pia mater, arachnoid
membrane, subarachnoid space, and other cerebrospinal fluid (CSF) compartments [1,2]. LM occurs in
approximately 3%-5% of patients with NSCLC, and its incidence has been increasing in recent years because
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of the extended survival period of cancer patients [3,4]. Otherwise, LM typically demonstrates poor response
to conventional chemotherapy (CT) and radiotherapy, with a median overall survival (OS) of only 1 to
3 months [3]. However, for lung cancer patients with driver gene-positive LM who receive targeted therapy,
the median OS extends to 3 to 11 months [3,5-7].

Previous studies have indicated a higher incidence of LM in lung adenocarcinoma (LUAD) patients
with driver gene mutations, including 9.4% of patients with EGFR mutations and 10.3% of patients with ALK
rearrangement [8,9]. Some studies have suggested that intrathecal pemetrexed (IP) exerts certain curative
effects on these patients [10]. Prospective trials involving NSCLC patients with LM (NSCLC-LM) have
demonstrated the safety and efficacy of IP, with response rates of 30%-70% and disease control rates of
50%-80% [11-13]; Notably, myelosuppression emerged as the most frequent adverse event in these
studies [11-13]. Recently, Fan et al. reported an 84.6% response rate and a median OS of 9 months in 30
NSCLC-LM patients with EGFR mutations who did not respond to tyrosine kinase inhibitor (TKI) treatment
with IP; moreover, myelosuppression was identified as the predominant side effect in these patients [14].
Subsequently, the authors expanded their phase II study to include 132 NSCLC-LM patients. The results of
this trial indicated an 80% response rate and a median OS of 12 months, with 31.8% of patients experiencing
myelosuppression; this finding further emphasized the prevalence of myelosuppression as a side effect [15].
Our group reported an IP response rate of 68.3% and a median OS of 10.1 months; additionally, consistent
with other studies, myelosuppression was also identified as the most common adverse effect [16]. Collectively,
these findings suggest that myelosuppression is the primary adverse event associated with IP treatment.

Myelosuppression resulting from intravenous CT is typically associated with several factors such as
advanced age, poor performance status, comorbidities, female sex, impaired hepato-renal functions, low
baseline white blood cell counts (WBC), low body mass index (BMI) or body surface area, and advanced
disease stage [17-20]. However, the risk factors for myelosuppression, particularly severe cases, related to IP
remain unclear. The present study aimed to investigate the association between IP and myelosuppression in
patients with LM from LUAD (LUAD-LM).

2 Methods
2.1 Patients

This retrospective cohort study collected data from LUAD-LM patients treated at the Second Affiliated
Hospital of Nanchang University between April 2017 and April 2024. The study adhered to the STROBE
guidelines, by following the 22-item checklist for transparent and rigorous reporting, and was approved
by the Ethics Committee of the Second Affiliated Hospital of Nanchang University. The ethics commit-
tee waived off the requirement for informed consent because of the retrospective nature of the study.
LM was diagnosed based on clinical suspicion according to the European Association of Neuro-Oncology
and European Society for Medical Oncology criteria and confirmed through positive imaging and/or CSF
findings [21]. IP was defined as the administration of pemetrexed through lumbar puncture or an Ommaya
reservoir. Myelosuppression was evaluated according to the Common Terminology Criteria for Adverse
Events version 5.0. The specific criteria are as follows: (1) leukopenia is graded by WBC count as follows:
Grade I (23.0 but <4.0 x 10°/L), Grade II (>2.0 but <3.0 x 10°/L), Grade III (>1.0 but <2.0 x 10°/L),
and Grade IV (<1.0 x 10°/L); (2) neutropenia is graded by absolute neutrophil count: Grade I (>1.5 but
<2.0 x10°/L), Grade II (>1.0 but <15 x 10°/L), Grade III (>0.5 but <1.0 x 10°/L), and Grade IV (<0.5 x 10°/L);
and (3) thrombocytopenia is graded by platelet count: Grade I (>75 but <100 x 10°/L), Grade II (>50 but
<75 x 10°/L), Grade III (>25 but <50 x 10°/L), and Grade IV (<25 x 10°/L). Inclusion criteria were as follows:
(1) pathologically confirmed LUAD; (2) LM confirmed by radiographical and/or CSF pathological exami-
nation; (3) at least one intrathecal CT session; and (4) baseline WBC count >3.5 x 10°/L, neutrophil count
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>2 x 10°/L, and platelet count >100 x 10°/L. Exclusion criteria were as follows: (1) patients with concurrent
malignancies other than LUAD and (2) use of intrathecal CT drugs other than pemetrexed.

2.2 Data Collection

Clinical data, including demographic information, clinical characteristics, tumor-related features,
treatment modalities, and clinical outcomes, were extracted from the electronic medical record database.
The study analyzed variables potentially associated with myelosuppression, including sex, age, smoking
history, Eastern Cooperative Oncology Group Performance Status (ECOG PS) score at LM diagnosis,
timing of LM diagnosis, presence of bone metastasis (BM) and brain metastasis (BMs) at LM diagnosis,
and hematological parameters (WBC count, neutrophil count, and platelet count) at myelosuppression
occurrence. Treatment information and clinical outcomes included the timing and cycle of intrathecal
injections, time to myelosuppression occurrence, systemic treatment pre- and post-LM diagnosis, and date
of death or last follow-up.

2.3 IP Administration

IP was primarily administered through lumbar puncture or an Ommaya reservoir. Prior to IP admin-
istration, patients received an intramuscular injection of 1000 pg of vitamin B12, followed by vitamin B12
injections every 3 weeks, and daily oral administration of 400 pg of folic acid. The IP procedure involved
pretreatment with 5 mg of dexamethasone, followed by the administration of pemetrexed. Based on our
previous research and other studies [12,13,15,16], the dosing schedule and treatment cycle were as follows:
(1) induction therapy: 10 mg of pemetrexed administered twice weekly for 2 weeks, (2) consolidation therapy:
10-30 mg, with some doses at 50 mg, administered weekly for 4 weeks, and (3) maintenance therapy:
10-30 mg administered every 3—4 weeks.

2.4 Statistical Analysis

Continuous variables were analyzed using the ¢-test for normally distributed data or the Kruskal-Wallis
test for non-normally distributed data, while categorical variables were assessed using the chi-square test.
Descriptive statistics were used to characterize myelosuppression occurrence, with rates reported for various
levels and types of myelosuppression. Additionally, medians with interquartile ranges were provided to
indicate the number of IP cycles at the onset of myelosuppression.

Univariate analyses were conducted to identify potential variables associated with myelosuppression.
Variables with a p-value of <0.5 in univariate analysis were incorporated into multivariate regression analysis,
which identified age as a risk factor for both myelosuppression and severe myelosuppression. Subsequently,
the relationship between age and severe myelosuppression was examined using a smoothing plot, following
adjustment for potential confounders. A two-piecewise linear regression model was employed to investigate
the threshold effect of age on severe myelosuppression based on the smoothing plot. The threshold age at
which the relationship between age and severe myelosuppression attained significance was determined using
an iterative method, where the inflection point was adjusted within a predefined interval to maximize model
likelihood. A two-tailed p value of <0.05 was considered statistically significant. All statistical analyses were
conducted using R program (http://www.R-project.org).
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3 Results
3.1 Patient Characteristics

The study included the data of 185 patients diagnosed to have lung cancer and LM from the electronic
medical record system between April 2017 and April 2024. A flowchart of the patient screening process is
illustrated in Fig. 1.

185 Assessed for eligibility

90 Excluded
. 81 without undergo intrathecal
chemotherapy
> o 3 histologically confirmed small cell

lung cancer
. 6 Intrathecal injection of medication
is methotrexate

Y
95 Enrolled
\ 4 \ 4
31 Without 64 with
Myelosuppression Myelosuppression

Figure 1: Study flow chart of patient selection

Of the 95 patients enrolled in this study, the median follow-up time was 7.43 months. Baseline clinical
and demographic characteristics are summarized in Table 1. Fifty-two patients were women (54.74%) and
43 patients were men (45.26%). The mean (SD) age of the patients was 57.43 (8.58) years. The mean (SD) BMI
of the patients at LM diagnosis was 21.69 (3.39) kg/m?. The majority of patients were positive for driver gene
mutations at the initial diagnosis. Prior to the diagnosis of LM, 35 (36.84%) patients received intravenous CT,
with only 16 (16.84%) patients receiving beyond second-line treatment. At LM diagnosis, 71 patients (74.74%)
had BMs, 48 patients (50.53%) had BM, and 8 patients (8.42%) had an ECOG PS > 2. Seventy-six patients
(80.00%) received TKI therapy, 22 patients (23.16%) underwent intravenous CT, 11 patients (11.58%) received
whole brain radiotherapy (WBRT), and 58 patients (61.05%) received antiangiogenic therapy. Regarding the
IP administration route, 74 (77.89%) patients received medication through lumbar puncture.
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Table 1: Characteristics of the study patients

2111

Myelosuppression Severe myelosuppression
Total Without With p value Without With p value
Number 95 31 64 52 43
Sex, n (%) 0.670 0.065
Female 52 (54.74) 16 (51.61) 36 (56.25) 24 (46.15) 28 (65.12)
Male 43 (45.26) 15 (48.39) 28 (43.75) 28 (53.85) 15 (34.88)
Age, Mean (SD) 57.43 (8.58) 53.55 (7.54) 59.31 (8.48) 0.002* 5544 +£726 59.84+949  0.012*
Smoking, n (%) 0.778 0.299
No 75 (78.95) 25 (80.65) 50 (78.12) 39 (75.00) 36 (83.72)
Yes 20 (21.05) 6 (19.35) 14 (21.88) 13 (25.00) 7 (16.28)
ECOG PS, n (%) 0.382 0.163
<2 87 (91.58) 30 (96.77) 57 (89.06) 50 (96.15) 37 (86.05)
>2 8(8.42) 1(3.23) 7 (10.94) 2(3.85) 6 (13.95)
BMI, Mean (SD) 21.69 +£3.39 22.08 £+4.04 2150 +3.05 0.307 22.01+3.71 21.34 £2.98 0.359
Mutaion type initial, n (%) 0.548 0.652
Wild type 13 (13.68) 5(16.13) 8 (12.50) 8 (15.38) 5 (11.63)
EGFR 19del 33 (34.74) 10 (32.26) 23 (35.94) 20 (38.46) 13 (30.23)
EGFR L858R 36 (37.89) 10 (32.26) 26 (40.62) 17 (32.69) 19 (44.19)
ALK 1(1.05) 1(3.23) 0 (0.00) 1(1.92) 0 (0.00)
Others 12 (12.63) 5(16.13) 7 (10.94) 6 (11.54) 6 (13.95)
CT before LM, n (%) 0.793 0.431
No 60 (63.16) 19 (61.29) 41 (64.06) 31(59.62) 29 (67.44)
Yes 35 (36.84) 12 (38.71) 23 (35.94) 21 (40.38) 14 (32.56)
Treatment lines before LM, n (%) 0.104 0.494
<2 79 (83.16) 23 (74.19) 56 (87.50) 42 (80.77) 37 (86.05)
>2 16 (16.84) 8(25.81) 8 (12.50) 10 (19.23) 6 (13.95)
BMs at LM, n (%) 0.154 0.311
No 24 (25.26) 5 (16.13) 19 (29.69) 11 (21.15) 13 (30.23)
Yes 71 (74.74) 26 (83.87) 45 (70.31) 41 (78.85) 30 (69.77)
BM at LM, n (%) 0.558 0.910
No 47 (49.47) 14 (45.16) 33 (51.56) 26 (50.00) 21(48.84)
Yes 48 (50.53) 17 (54.84) 31(48.44) 26 (50.00) 22 (51.16)
IP administration, n (%) 0.545 0.802
Intrathecal injection 74 (77.89) 23 (74.19) 51(79.69) 40 (76.92) 34 (79.07)
Ommaya reservoir 21 (22.11) 8 (25.81) 13 (20.31) 12 (23.08) 9 (20.93)
WBRT after LM, n (%) 0.951 0.758
No 84 (88.42) 28 (90.32) 56 (87.50) 45 (86.54) 39 (90.70)
Yes 11 (11.58) 3(9.68) 8 (12.50) 7 (13.46) 4(9.30)
CT after LM, n (%) 0.541 0.137
No 73 (76.84) 25 (80.65) 48 (75.00) 43 (82.69) 30 (69.77)
Yes 22 (23.16) 6 (19.35) 16 (25.00) 9 (17.31) 13 (30.23)
Antiangiogenic after LM, n (%) 0.023% 0.026*
No 37 (38.95) 7 (22.58) 30 (46.88) 15 (28.85) 22 (51.16)
Yes 58 (61.05) 24 (77.42) 34 (53.12) 37 (71.15) 21 (48.84)
ICI after LM, n (%) 0.626 0.855
No 89 (93.68) 28 (90.32) 61 (95.31) 48 (92.31) 41 (95.35)
Yes 6(6.32) 3(9.68) 3 (4.69) 4(7.69) 2 (4.65)
TKI after LM, n (%) 0.126 0.18
No 19 (20.00) 9 (29.03) 10 (15.62) 13 (25.00) 6 (13.95)
Yes 76 (80.00) 22(70.97) 54 (84.38) 39 (75.00) 37 (86.05)

Note: n: number, SD: standard deviation, ECOG PS: Eastern Cooperative Oncology Group Performance Status score,
BMI: body mass index, BMs: brain metastases, BM: bone metastases, LM: leptomeningeal metastasis, EGFR: epidermal
growth factor receptor, ALK: anaplastic lymphoma kinase, WBRT: whole-brain radiotherapy, CT: chemotherapy, ICL:
immune checkpoint inhibitors, TKI: tyrosine kinase inhibitor. *p < 0.05 indicates statistical significance.
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3.2 Profile of Myelosuppression after Intrathecal Pemetrexed

A major proportion of the patients (64/95, 67.37%) experienced myelosuppression during IP treatment,
with 43 patients (45.26%) developing severe myelosuppression (Table 2). The distribution of myelosup-
pression grades 0 to 4 is detailed in Table 2. Leukopenia, observed in 82.81% of the patients, was the
most prevalent cytopenia associated with myelosuppression, followed by neutropenia (78.13%) and throm-
bocytopenia (6719%). These findings are consistent with the hematological profile observed in severe
myelosuppression. The median number of IP cycles required to induce myelosuppression was 4 (range: 2-5),
while the median number of IP cycles for severe myelosuppression development was 3 (range: 2-4.5).

Table 2: Distribution of myelosuppression

Myelosuppression Severe myelosuppression
Grade 0 31 (32.63%)
Grade 1 3 (3.16%) <Grade 2 52 (54.74%)
Grade 2 18 (18.95%)
Grade 3 16 (16.84%
Grade 4 7 E28-42%)) >Grade 3 43 (45.26%)
Types of myelosuppression Types of myelosuppression
Leukopenia 53 (82.81%) Leukopenia 31(72.09%)
Neutropenia 50 (78.13%) Neutropenia 29 (67.44%)
Thrombocytopenia 43 (67.19%) Thrombocytopenia 24 (55.81%)
Cycles of IP Cycles of IP

With myelosuppression 4.00 (2.00-5.00)  With severe myelosuppression  3.00 (2.00, 4.50)
Without myelosuppression ~ 5.50 (3.00-11.50) Without severe 4.00 (3.00-7.25)
myelosuppression

Note: IP: intrathecal pemetrexed.

3.3 Univariate and Multivariate Analyses of Myelosuppression and Severe Myelosuppression

To evaluate the factors associated with myelosuppression and severe myelosuppression in our cohort,
we conducted univariate and multivariate analyses. In the univariate logistic regression analysis (Table 3),
age was independently associated with an increased risk of myelosuppression (OR: 1.09; 95% CI: 1.03-1.16;
p = 0.003) and severe myelosuppression (OR: 1.07; 95% CI: 1.02-1.13; p = 0.0098). In contrast, antiangiogenic
therapy after LM was associated with a decreased risk of myelosuppression (OR: 0.27; 95% CI: 0.10-0.76;
p = 0.0128) and severe myelosuppression (OR: 0.39; 95% CI: 0.17-0.90; p = 0.028).

Table 3: Univariate analysis for myelosuppression and severe myelosuppression

Myelosuppression Severe myelosuppression
Statistics OR (95% CI) p value OR (95% CI) p value
Sex
Female 52 (54.74%) Refrence Refrence
Male 43 (45.26%) 0.92 (0.39, 2.19) 0.8519 0.55(0.24, 1.25) 0.1532
Age, year 57.43 + 8.58 1.09 (1.03, 1.16) 0.0030* 1.07 (1.02, 1.13) 0.0098*
Smoking

(Continued)
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Table 3 (continued)

Myelosuppression Severe myelosuppression
Statistics OR (95% CI) p value OR (95% CI) p value
No 75 (78.95%) Refrence Refrence
Yes 20 (21.05%) 1.10 (0.38, 3.21) 0.8643 0.76 (0.28, 2.08) 0.5952
BM
No 47 (49.47%) Refrence Refrence
Yes 48 (50.53%) 0.85 (0.36, 2.02) 0.7102 1.24 (0.55, 2.79) 0.5997
ECOG PS
<2 87 (91.58%) Refrence Refrence
>2 8 (8.42%) 3.50 (0.41, 0.2517 4.05 (0.77, 0.0975
29.81) 21.23)
BMI, kg/m’ 21.69 £ 3.39 0.93 (0.81,1.07) 0.3053 0.95 (0.83,1.07) 0.3909
CT before LM
No 60 (63.16%) Reference Reference
Yes 35 (36.84%) 0.89 (0.37, 2.15) 0.793 0.71(0.31, 1.66) 0.432
Treatment lines before LM
<2 79 (83.16%) Reference Reference
>2 16 (16.84%) 0.41 (0.14, 1.23) 0.111 0.68(0.23,2.06)  0.495
BMs
No 24 (25.26%) Refrence Refrence
Yes 71 (74.74%) 0.48 (0.16, 1.45) 0.1958 0.49 (0.19, 1.26) 0.1403
IP administration
Intrathecal 74 (77.89%) Refrence Refrence
injection
Ommaya 21 (22.11%) 0.73 (0.27, 2.01) 0.546 0.88 (0.33, 2.35) 0.802
reservoir
WBRT after LM
No 84 (88.42%) Refrence Refrence
Yes 11 (11.58%) 1.26 (0.31, 5.14) 0.7443 0.66 (0.18,2.42) 0.5304
CT after LM
No 73 (76.84%) Refrence Refrence
Yes 22 (23.16%) 1.31 (0.45, 3.76) 0.6207 2.07 (0.79, 5.46) 0.1412
Antiangiogenic therapy after LM
No 37 (38.95%) Refrence Refrence
Yes 58 (61.05%)  0.27(0.10,0.76)  0.0128*  0.39 (0.17,0.90)  0.0280*
ICI after LM
No 89 (93.68%) Refrence Refrence
Yes 6 (6.32%) 0.92 (0.16, 5.31) 0.9239 0.59 (0.10, 3.36) 0.5482

(Continued)



2114 Oncol Res. 2025;33(8)

Table 3 (continued)

Myelosuppression Severe myelosuppression
Statistics OR (95% CI) p value OR (95% CI) p value
TKI after LM
No 19 (20.00%) Refrence Refrence
Yes 76 (80.00%) 1.79 (0.63, 5.03) 0.2734 2.06 (0.71,5.97) 0.1856

Note: OR: odds ratio, CI: confidence interval, BM: bone metastases, ECOG PS: Eastern Cooperative Oncology
Group Performance Status score, BMI: body mass index, BMs: brain metastases, LM: leptomeningeal metastasis, WB
RT: whole-brain radiotherapy, CT: chemotherapy, ICL: immune checkpoint inhibitors, TKI: tyrosine kinase inhibitor.
*p < 0.05 indicates statistical significance.

Subsequently, variables with a p value of <0.5 in the univariate analysis were incorporated into a
multivariate logistic regression model. Stepwise adjustments were applied for age, sex, ECOG PS, BMs, BMI,
BM, CT after LM, antiangiogenic therapy after LM, and TKI after LM. The multivariate analysis identified
age as a significant risk factor for myelosuppression (OR: 1.11; 95% CI: 1.03-1.19; p = 0.0053) (Table Al).
Additionally, age (OR: 1.09; 95% CI: 1.02-1.16; p = 0.0085), CT after LM (OR: 5.90; 95% CI: 1.46-23.88;
p =0.0129), and ECOG PS > 2 (OR: 19.69; 95% CI: 1.76-220.03; p = 0.0155) were identified as risk factors for
severe myelosuppression (Table 4).

Table 4: Multivariate analysis for severe myelosuppression

Exposure  Non-adjusted Adjust I Adjust II
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age, year 1.09 (1.02,1.16)  0.0096* 109 (1.02,116)  0.0085*  1.09 (1.02,1.16)  0.0085*

BMI, kg/m’ 0.86 (0.73, 0.0942 0.89 (0.75, 0.1946 0.89 (0.75, 0.1946
1.03) 1.06) 1.06)
BM
No Refrence Refrence Refrence
Yes 1.08 (0.37, 3.17) 0.8880 1.02 (0.34, 0.9744 1.02 (0.34, 0.9744
3.05) 3.05)
ECOGPS
<2 Refrence Refrence Refrence
>2 21.79 (1.86, 0.0142* 19.69 (1.76, 0.0155* 19.69 (1.76, 0.0155*
255.52) 220.03) 220.03)
BMs
No Refrence Refrence Refrence
Yes 0.48 (0.14, 0.2431 0.51(0.15, 1.79) 0.2948 0.51(0.15,1.79) 0.2948
1.65)
CT after LM
No Refrence Refrence Refrence
Yes 5.23 (1.33, 0.0179* 5.90 (1.46, 0.0129% 5.90 (1.46, 0.0129*
20.56) 23.88) 23.88)

(Continued)
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Table 4 (continued)

Exposure = Non-adjusted Adjust 1 Adjust II
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Antiangiogenic therapy after LM

No Refrence Refrence Refrence
Yes 0.25 (0.08, 0.0131* 0.23 (0.07, 0.0114* 0.23 (0.07, 0.0114*
0.75) 0.72) 0.72)
TKI after
LM
No Refrence Refrence Refrence
Yes 5.39 (1.03, 0.0455 5.15(0.97, 0.0545 5.15 (0.97, 0.0545
28.13) 27.38) 27.38)
WBRT after LM
No Refrence Refrence Refrence
Yes 0.60 (0.13, 0.5137 0.60 (0.13, 0.5177 0.60 (0.13, 0.5177
2.77) 2.84) 2.84)

Note: OR: odds ratio, CI: confidence interval, BMI: body mass index, BM: bone metastases, ECOG PS Eastern
Cooperative Oncology Group Performance Status score, BMs: brain metastases, LM: leptomeningeal metastasis, CT:
chemotherapy, TKI: tyrosine kinase inhibitor, WBRT: whole-brain radiotherapy, Model I adjusted for age and sex.
Model II adjusted for age, sex, BMI, ECOG PS, BMs, BM, CT after LM, antiangiogenic therapy after LM, and TKI
after LM. *p < 0.05 indicates statistical significance.

3.4 Smooth Curve Fitting and Threshold Effect Analysis

Our analysis revealed that age is associated with both myelosuppression and severe myelosuppression,
which can significantly impact treatment outcomes and potentially pose a life-threatening risk [22-25]. To
further investigate this relationship, we conducted curve fitting and threshold effect analysis to examine the
association between age and severe myelosuppression. After adjusting for potential confounding factors—
including smoking status, sex, BM, ECOG PS, BMI, BMs, WBRT, CT after LM, antiangiogenic therapy
after LM, and TKI after LM— a smoothing curve fitting demonstrated a nonlinear relationship between
age and severe myelosuppression following IP (Fig. 2). Beyond the turning point age of 58 years (OR: 1.28;
95% CI: 1.08-1.52; p = 0.0042), the risk of developing severe myelosuppression increased with age (Table 5).
This finding suggests that severe myelosuppression is associated with age, with an elevated risk observed in
patients aged 58 years or older.

4 Discussion

This study investigates the incidence and characteristics of myelosuppression in LUAD-LM patients
treated with IP and the risk factors associated with the development of myelosuppression and severe
myelosuppression. The findings revealed that a major proportion of patients (67.37%) experienced myelo-
suppression following IP treatment, with a considerable number of patients (45.26%) developing severe
myelosuppression. Notably, the study found that age >58 years is a risk factor for severe myelosuppression.
To the best of our knowledge, this study represents the first comprehensive examination of risk factors for
myelosuppression in LUAD-LM patients undergoing IP treatment.
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Figure 2: Association between age and severe myelosuppression. A threshold, nonlinear association between age and
severe myelosuppression was identified (p = 0.023) using a generalized additive model. The solid red line represents
the smooth curve fit between variables, and the blue bands indicate the 95% confidence interval of the fit. All results
were adjusted for smoking status, sex, BM, ECOG PS, BMI, BMs, WBRT after LM, antiangiogenic therapy after LM,
and TKI after LM. Abbreviations: BM: bone metastases, ECOG PS: Eastern Cooperative Oncology Group Performance
Status score, BMI: body mass index, BMs: brain metastases, WBRT: whole-brain radiotherapy, LM: leptomeningeal
metastasis, TKI: tyrosine kinase inhibitor

Table 5: Threshold effect analysis of age on severe myelosuppression by using piecewise linear regression

Inflection points of age (year) OR (95% CI)? p value
<58 0.97 (0.86,1.09) 0.5536
>58 1.28 (1.08, 1.52) 0.0042%

Note: CI: confidence interval, OR: odds ratio, * Adjusted: BMI, ECOG PS, BM, CT after LM,
antiangiogenic therapy after LM, TKI after LM, and WBRT after LM, *p < 0.05 indicates
statistical significance.

Previous prospective and retrospective studies have demonstrated that myelosuppression after IP is
a common adverse effect [12-14,26,27]. However, the incidence of myelosuppression in previous studies
typically ranged from 30% to 40% [12-15], whereas this study reported an incidence as high as 68.42%.
Notably, apart from the study of Pan et al., which incorporated involved-field radiotherapy alongside IP
treatment, the other three studies only evaluated IP treatment and/or its combination with TKI therapy.
In contrast, our study included a major proportion of patients who, following LM diagnosis, received
additional systemic therapies—including TKI therapy, CT, and radiotherapy—alongside IP treatment. Our
study concluded that CT after LM (OR: 5.90; 95% CI: 1.46-23.88; p = 0.0129) and ECOG PS >2 (OR: 19.69;
95% CI:1.76-220.03; p = 0.0155) are significant risk factors for severe myelosuppression. Although TKI after
LM (OR: 5.15; 95% CI: 0.97-27.38; p = 0.0545) did not reach statistical significance, there was a trend toward
increased risk. Consequently, undergoing additional systemic anti-tumor therapies—including TKI therapy
and CT—alongside IP treatment may elevate the risk of myelosuppression, potentially explaining the higher
incidence of myelosuppression observed in our study as compared to that in other studies.



Oncol Res. 2025;33(8) 2117

In this study, BMI was not identified as a risk factor for myelosuppression following IP. This observation
can be attributed to the characteristic behavior of most intrathecal chemotherapeutic agents, which do not
rapidly transfer from the CSF to the bloodstream. The metabolic inactivation of these drugs in the CSF
is negligible; instead, they are primarily eliminated directly from the CSF [28]. Considering the relatively
constant volume of the subarachnoid space [29], the dose of intrathecal CT should be calibrated based on
the CSF volume and drug concentration rather than on BMI.

The precise mechanism underlying myelosuppression induced by low-dose pemetrexed in IP treatment
remains elusive. The pemetrexed dose utilized in IP typically ranges from 10 to 30 mg, which is substantially
lower than the standard 500 mg/m? administered in intravenous CT. Nevertheless, myelosuppression persists
as the primary adverse effect of IP. A plausible explanation involves the blood-brain barrier: the protein
concentration in the CSF is significantly lower than that in the blood. This reduced protein-binding capacity
of pemetrexed in the CSF may result in higher free-drug concentrations, potentially compromising bone
marrow function.

Moreover, this study demonstrated that antiangiogenic therapy administered after LM significantly
reduced the risk of severe myelosuppression following IP (HR: 0.23, 95% CI: 0.07-0.72; p = 0.0114). However,
the precise mechanism through which antiangiogenic therapy mitigates the risk of severe myelosuppression
post-IP remains elusive. Our previous research indicated that patients with LUAD-LM might benefit
from a combination of osimertinib and bevacizumab. Specifically, bevacizumab significantly enhanced the
intracranial concentration of osimertinib, suggesting that it may alleviate IP-induced myelosuppression by
improving drug penetration through the blood-brain barrier and reducing pemetrexed accumulation in the
CSF [30].

This study presents several limitations. First, as a retrospective analysis, the completeness and accuracy
of the data relied on electronic medical records, which potentially introduced certain biases. Second, the
study included patients treated at a single center, which may have resulted in selection bias. Third, the analysis
did not include the dose and cycles of IP. This omission is due to the consistency of the IP regimen and
dose in this study with current literature reports, where pemetrexed is typically administered at relatively
low doses of 10-30 mg. Furthermore, the median cycles of IP prior to the development of myelosuppression
and severe myelosuppression were 3 and 4, respectively, indicative of the induction phase of IP treatment.
This study investigates myelosuppression development due to IP administration at a low dose, potentially
offering insights into the prevention and management of IP-induced myelosuppression.

5 Conclusion

The present study identified age as a crucial risk factor for myelosuppression following IP, with a
significantly elevated risk of severe myelosuppression in patients aged 58 years or older. These findings
have substantial implications for IP administration guidelines, suggesting that IP should be administered
cautiously in patients over 58 years of age, accompanied by the consideration of preventive strategies.

Subsequent research and more extensive prospective trials should prioritize the optimization of IP
administration, frequency, and its integration with systemic therapies. Furthermore, investigating the
underlying mechanisms of myelosuppression induced by low-dose IP treatment will be crucial for advancing
this therapeutic approach.
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List of Abbreviations

NSCLC Non-small cell lung cancer
LM Leptomeningeal metastasis
LUAD Lung adenocarcinoma

P Intrathecal pemetrexed

CSF Cerebrospinal fluid

(0N Overall survival

TKI Tyrosine kinase inhibitors
BMI Body mass index

ECOG PS Eastern Cooperative Oncology Group Performance Status
BM Bone metastasis

BMs Brain metastasis

CT Chemotherapy

WBRT Whole-brain radiotherapy

ICI Immune checkpoint inhibitors
Appendix A

Table Al: Multivariate analysis for myelosuppression

Exposure Non-adjusted Adjust I Adjust 11
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age, year 1.11 (1.03, 0.0052* 1.11 (1.03, 0.0053* 1.11 (1.03, 0.0053*
1.19) 1.19) 1.19)
BMI, kg/m’ 0.87 (0.73, 0.1077 0.87 (0.73, 0.1234 0.87 (0.73, 0.1234
1.03) 1.04) 1.04)
BM
No Refrence Refrence Refrence
Yes 0.86 (0.26, 0.8060 0.86 (0.26, 0.8029 0.86 (0.26, 0.8029
2.82) 2.85) 2.85)
ECOG PS
<2 Refrence Refrence Refrence

(Continued)



Oncol Res. 2025;33(8)

2119

Table Al (continued)
Exposure Non-adjusted Adjust I Adjust I1
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
>2 inf. (0.00, 0.9903 inf. (0.00, 0.9904 inf. (0.00, 0.9904
Inf) Inf) Inf)
BMs
No Refrence Refrence Refrence
Yes 0.52 (0.13, 0.3494 0.52 (0.13, 0.3546 0.52 (0.13, 0.3546
2.05) 2.07) 2.07)
CT after LM
No Refrence Refrence Refrence
Yes 3.05 (0.67, 0.1491 3.05 (0.67, 0.1487 3.05 (0.67, 0.1487
13.83) 13.83) 13.83)
Antiangiogenic therapy after LM
No Refrence Refrence Refrence
Yes 0.18 (0.05, 0.0062* 0.18 (0.05, 0.0062* 0.18 (0.05, 0.0062*
0.61) 0.61) 0.61)
TKI after LM
No Refrence Refrence Refrence
Yes 3.23(0.67, 0.1435 3.22(0.66, 0.1465 3.22(0.66, 0.1465
15.55) 15.59) 15.59)
WBRT after LM
No Refrence Refrence Refrence
Yes 0.91 (0.17, 0.9078 0.91 (0.17, 0.9084 0.91 (0.17, 0.9084
4.86) 4.86) 4.86)

Note: OR: odds ratio, CL: confidence interval, BMI: body mass index, BM: Bone metastases, ECOG PS: Eastern
Cooperative Oncology Group Performance Status score, BMs: brain metastases, LM: leptomeningeal metastasis, CT:
chemotherapy, TKI: tyrosine kinase inhibitor, WBRT: whole-brain radiotherapy, Model I adjusted for age and sex.
Model II adjusted for age, sex, BMI, ECOG PS, BMs, BM, CT after LM, antiangiogenic therapy after LM, and TKI

after LM. *p < 0.05 indicates statistical significance.
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