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Abstract: The modified dose (MD) regimen of pembrolizumab (2 mg/kg or 100 mg every 3 weeks)
is an alternative option to reduce the financial burden resulting from the extremely high cost of the
standard dose (SD) regimen (200 mg every 3 weeks). However, the clinical effectiveness and prog-
nostic outcomes have not been fully elucidated in real-word clinical practice. Sixty-four consecutive
patients in Taiwan receiving pembrolizumab for advanced NSCLC between 2018 and 2020 were
recruited in this study. Comparisons of overall survival (OS) and progression-free survival (PFS)
were performed using Kaplan–Meier survival curves. Additionally, 12 predictors, including pem-
brolizumab regimen, dose, neutrophil-to-lymphocyte ratio (NLR), age, sex, histopathology, smoking
history, ECOG PS, EGFR mutation, PD-L1 expression, distant metastases and treatment line, were
analyzed in multivariable Cox models for predicting OS and PFS. The results showed that the MD
group and the SD group had similar OS and PFS, especially in patients beyond first-line treatment or
with a pretreatment NLR < 5. The NLR was the only independent factor associated with both OS
(adjusted HR = 0.052; p = 0.010) and PFS (adjusted HR = 0.259; p = 0.021). The results of this study
assure the clinical effectiveness of MD pembrolizumab and suggest that the pretreatment NLR could
highlight patients who may benefit from MD pembrolizumab.

Keywords: non-small cell lung cancer; pembrolizumab; neutrophil-to-lymphocyte ratio; low-dose;
prognostic

1. Introduction

Blocking antibodies that target programmed cell death 1 (PD-1) or programmed
cell death protein ligand 1 (PD-L1) have been approved for the treatment of cancer and
have significantly improved the outcomes of various advanced cancers, including non-
small cell lung cancer (NSCLC) [1–5]. In 2015, pembrolizumab was the first anti-PD-1
antibody approved by the United States Food and Drug Administration (US FDA) for
the treatment of advanced NSCLC [6]. Soon after, it became part of clinical practice
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and has been recommended for the first-line treatment of advanced NSCLC tumors with
no driver gene mutation, such as epidermal growth factor receptor (EGFR) mutation or
anaplastic lymphoma kinase (ALK) rearrangement, and those with a PD-L1 expression
tumor proportion score (TPS) of ≥1% [7].

In contrast to conventional cytotoxic agents, the relationship between the dose and effi-
cacy of pembrolizumab is not linear [8–10]. In the pivotal clinical trials, anti-tumor activity
was observed at all doses (1–10 mg/kg) and schedules (every two or three weeks) [11]. In
addition, multiple studies have demonstrated that there is no dose–response relationship be-
tween the effectiveness and safety of pembrolizumab [12–15]. Furthermore, another study
found that there was similar exposure distribution in the pharmacokinetic simulations of a
2 mg/kg dose and a 200 mg fixed dose [16]. A fixed dose of 200 mg pembrolizumab (de-
fined as the standard dose, SD) was the schedule approved by the US FDA for the treatment
of patients with advanced NSCLC [17] and was used in the subsequent trials [18–20].

However, pembrolizumab was hampered by its extremely high cost [21]. Moreover, the
SD was reported to lead to unnecessary dose and economic impacts in patients who were a
standard weight [22–24]. Goldstein et al. showed that a pembrolizumab dose reduction
strategy could save approximately 24.0% of the annual cost, compared with the cost of the
200 mg fixed dose [23]. Thus, physicians routinely use modified dose (MD) pembrolizumab
(2 mg/kg or a fixed dose of 100 mg) for patients who cannot afford the financial burden in
real-word clinical practice [24,25]. However, evidence on the real-word effectiveness and
prognostic outcomes of the MD regimen remains limited. This study aimed to compare the
clinical effectiveness of MD and SD pembrolizumab for the treatment of advanced NSCLC.
In addition, we further assessed the utility of the pretreatment neutrophil-to-lymphocyte
ratio (NLR) in determining MD and SD pembrolizumab benefit.

2. Materials and Methods
2.1. Study Population and Treatment

This was a retrospective chart review study that recruited all patients aged >20 years
who received pembrolizumab for advanced NSCLC between 1 July 2018 and 31 December
2020 at a medical center in Taiwan. The index date was defined as the time of initiation of
pembrolizumab for each patient. Patients who were in any clinical trial during the study
period and those being treated in combination with other immune checkpoint inhibitors
(ICIs) were excluded from this study. The eligible patients were further stratified into SD
and MD groups. The SD group received pembrolizumab at 200 mg every three weeks,
whereas the MD group received pembrolizumab at 2 mg/kg or 100 mg every three weeks.
The definition of MD in this study was based on the comparison of clinical outcomes of
pembrolizumab [5,24,26]. All patients below the standard dose were pooled in the MD
analysis in this study. The study population comprised a total of 64 patients; 36 were in the
MD group and 28 were in the SD group.

The patients’ baseline demographics and clinical characteristics, including pem-
brolizumab regimen, dose, NLR, age, sex, histopathology, smoking history, Eastern Cooper-
ative Oncology Group performance status (ECOG PS), EGFR mutation, PD-L1 expression,
distant metastases and treatment line, were collected and considered as the confounders in
the Cox regression models.

2.2. Outcome Measurements

A computed tomography scan was performed every three months as a routine clinical
procedure. Clinical response to pembrolizumab was assessed by response evaluation
criteria in solid tumors (version 1.1) [27,28]. Overall survival (OS) was the primary endpoint.
Additionally, progression-free survival (PFS), overall response rate (ORR), disease control
rate (DCR) and immune-related adverse events (irAEs) were identified as the secondary
endpoints. OS was defined as the duration from the initiation of pembrolizumab to death
from any cause or the last follow-up. PFS was measured from the time of treatment initiation
to disease progression, death from any cause or the last follow-up, whichever occurred first.
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For OS, this study censored the data for surviving or missing patients at the time they were
last known to be alive. For PFS, our study censored the data for patients surviving without
disease progression or missing at the time of the last tumor assessment. ORR was defined
as the percentage of patients with a confirmed partial response (PR) or complete response
(CR). DCR was defined as the sum of PR, CR and stable disease. All subjects were followed
from the index date until the occurrence of events or until March 31, 2021 (when the study
finished). The presence of irAEs was based on an assessment by the treating physician, and
the irAEs were graded according to the Common Terminology Criteria for Adverse Events,
version 5.0.

According to previously reported data showing that pretreatment NLR was an in-
dependent prognostic indicator in patients with advanced NSCLC treated with anti-PD1
antibodies [29,30], baseline pretreatment peripheral blood cell counts were collected. The
NLR was further calculated as the neutrophil count divided by the lymphocyte count.

2.3. Statistical Analysis

The clinical and disease characteristics were determined as median and range for
continuous variables and as frequency and percentage for categorical variables. The
Wilcoxon rank sum test was used to compare the continuous variables between groups. A
chi-square test or Fisher’s exact test was used for categorical variables. The comparisons
of PFS and OS between groups were further analyzed by Kaplan–Meier survival curves
with log rank tests. A Cox proportional hazards regression model was used to consider
the related factors affecting OS and PFS. Hazard ratios (HRs) and 95% confidence intervals
(CIs) for the OS and PS were calculated. For testing the proportional hazard assumption,
we checked whether the independent variables met the proportional assumption using a
log-minus-log (LML) plot; the LML plot resulted in parallel curves. The models used in
this study met the proportional hazards assumption. A logistic regression model was used
to consider the related factors affecting ORR. A two-tailed p value of <0.05 was considered
statistically significant. Analyses were carried out using IBM SPSS Version 22.

2.4. Sample Size

The sample size and power calculations were performed with G*Power [31]. In our
study, a sample size of 64 total evaluable patients was calculated to provide 90% power to
detect a difference of 5% in the tumor response between the two groups (two-sided α = 0.05).

3. Results
3.1. Patient Characteristics

A total of 64 patients with advanced NSCLC were included in this study. Thirty-six
patients (56.3%) were in the MD group and 28 patients (43.8%) were in the SD group. The
baseline demographics and clinical characteristics of each group are presented in Table 1.
The median age was 62 years; 57.8% of participants were men and 46.9% were current or
ex-smokers. In the whole cohort, 84.4% had adenocarcinoma, and most of the patients did
not have driver mutations. Of the 55 (85.9%) patients who were tested for PD-L1, 31 (48.4%)
had a PD-L1 TPS ≥50%. The median pretreatment NLR was 5.3 (1.3–35.5, data not shown).
The two groups were similar in terms of age, sex, smoking history, ECOG PS, histologic
subtype, EGFR and ALK tumor mutation status, PD-L1 TPS score and pretreatment NLR.
Body weight was significantly higher in the SD group than in the MD group (p = 0.012).
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Table 1. Baseline demographic and clinical characteristics.

Total (n = 64) Modified Dose (n = 36) Standard Dose (n = 28) p Value

Age (years) 0.129
<65 39 (60.9) 19 (52.8) 20 (71.4)
≥65 25 (39.1) 17 (47.2) 8 (28.6)

Sex 0.355
Male 37 (57.8) 19 (52.8) 18 (64.3)
Female 27 (42.2) 17 (47.2) 10 (35.7)

Brain metastases 0.435
Yes 24 (37.5) 12 (33.3) 12 (42.9)
No 40 (62.5) 24 (66.7) 16 (57.1)

Histologic subtype 0.163
Adenocarcinoma 54 (84.4) 28 (77.8) 26 (92.9)
Squamous cell carcinoma 8 (12.5) 7 (19.4) 1 (3.6)
Other * 2 (3.1) 1 (2.8) 1 (3.6)

Smoking history 0.95
Current or ex-smoker 30 (46.9) 17 (47.2) 14 (46.4)
Never smoked 34 (53.1) 19 (52.8) 15 (53.6)

ECOG PS 0.748
0–1 47 (73.4) 27 (75) 20 (71.4)
≥2 17 (26.6) 9 (25) 8 (28.6)

EGFR mutation 0.076
Yes 17 (26.6) 10 (27.8) 7 (25)
No 38 (59.4) 18 (50) 20 (71.4)
Unknown 9 (14.1) 8 (22.2) 1 (3.6)

ALK rearrangement 0.935
Yes 2 (3.1) 1 (2.8) 1 (3.6)
No 47 (73.4) 26 (72.2) 21 (75)
Unknown 15 (23.4) 9 (25) 6 (21.4)

PD-L1 (TPS score) 0.117
<1% 15 (23.4) 12 (33.3) 3 (10.7)
1–49% 9 (14.1) 6 (16.7) 3 (10.7)
≥50% 31 (48.4) 14 (38.9) 17 (60.7)
Unknown 9 (14.1) 4 (11.1) 5 (17.9)

Pretreatment NLR 0.874
<5 29 (45.3) 16 (44.4) 13 (46.4)
≥5 35 (54.7) 20 (55.6) 15 (53.6)

Dose/kg of pembrolizumab 2.4 (0.8–4.4) 1.8 (0.8–4.4) 3.3 (2.3–4.0) <0.001

Line of treatment

0.015
First 25 (39.1) 10 (27.8) 15 (53.6)
Second 15 (23.4) 7 (19.4) 8 (28.6)
Third or beyond 24 (37.5) 19 (52.8) 5 (17.9)

Partner drug

0.005
Monotherapy 35 (54.7) 15 (41.7) 20 (71.4)
Combined CT a 26 (40.6) 21 (58.3) 5 (17.9)
Combined TKI b 3 (4.7) 0 3 (10.7)

Treatment duration (months) 2.9 (<0.1–17.3) 2.3 (<0.1–15.5) 5.0 (<0.1–17.3) 0.018
a Combined chemotherapy (CT): platinum doublet (n = 20), pemetrexed (n = 2), docetaxel (n = 2) or navelbine
(n = 2). b Combined tyrosine kinase inhibitors (TKIs): first generation TKI (n = 2) or third generation TKI (n = 1).
* Other histological subtypes consist of one pleomorphic-like carcinoma and one poorly differentiated carcinoma.
Abbreviations: ECOG—Eastern Cooperative Oncology Group; PS—performance status; EGFR—epidermal growth
factor receptor; ALK—anaplastic lymphoma kinase; PD-L1—programmed death-ligand 1; TPS—tumor proportion
score; NLR—neutrophil lymphocyte ratio.
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The median pembrolizumab dose was significantly lower in the MD group (MD vs.
SD: 1.8 mg/kg vs. 3.3 mg/kg; p < 0.001). No patients in the SD group received <2 mg/kg
pembrolizumab. On the other hand, 63.9% patients in the MD group received <2 mg/kg
pembrolizumab. Pembrolizumab was prescribed as first-line therapy in 25 (39.1%) patients
and beyond first-line therapy in 39 (60.9%) patients. Compared with the MD group, the SD
group had a significantly higher percentage of patients who received monotherapy (41.7%
vs. 71.4%, p = 0.005) and first-line treatment (27.8% vs. 53.6%, p = 0.015). The median
duration of SD treatment was 5.0 months and the median duration of MD treatment was
2.3months (p = 0.018).

3.2. OS and PFS between MD and SD Groups

The median follow-up time was 7.9 months (range: 0.3–29.8 months) for all patients,
with no difference between the MD and SD groups (6.7 months vs. 8.5 months, respec-
tively, p = 0.457). As shown in Figure 1, there was no difference in OS between groups;
however, PFS was significantly shorter in the MD group than in the SD group (median
PFS: 4.5 months vs. 6.1 months; p = 0.046). When pembrolizumab was used as first-line
treatment, there was no difference in OS between the groups (Figure 2A); however, PFS
was significantly shorter in the MD group than in the SD group (p = 0.028; Figure 2B).
When pembrolizumab was used beyond first-line treatment, there was no difference in
OS (9.4 months vs. 9.3 months; p = 0.822) and PFS (3.5 months vs. 4.8 months; p = 0.532)
between the two groups (Figure 2C,D).
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Figure 1. (A) Overall survival of patients treated with standard-dose pembrolizumab and modified-
dose pembrolizumab. (B) Progression-free survival of patients treated with standard-dose pem-
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gression-free survival; NR—not reached. 

Figure 1. (A) Overall survival of patients treated with standard-dose pembrolizumab and modified-
dose pembrolizumab. (B) Progression-free survival of patients treated with standard-dose pem-
brolizumab and modified-dose pembrolizumab. Abbreviations: OS—overall survival; PFS—
progression-free survival; NR—not reached.
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PFS in first-line treatment. (C,D): OS and PFS beyond first-line treatment. Abbreviations: OS—over-
all survival; PFS—progression-free survival; NR—not reached. 

Based on the median pretreatment NLR cut-off value of 5, we performed a subgroup 
analysis of the low NLR (NLR < 5) and high NLR groups (NLR ≥ 5). In patients with a low 
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OS (p = 0.711) and PFS (p = 0.447). In patients with a high NLR, there was no difference in 
OS between the two groups (p = 0.089, Figure 3C); however, PFS was significantly shorter 
in the MD group than in the SD group (2.1 months vs. 4.8 months; p = 0.013; Figure 3D). 

Figure 2. Kaplan–Meier survival analyses by risk group and dose of pembrolizumab. (A,B): OS and
PFS in first-line treatment. (C,D): OS and PFS beyond first-line treatment. Abbreviations: OS—overall
survival; PFS—progression-free survival; NR—not reached.

Based on the median pretreatment NLR cut-off value of 5, we performed a subgroup
analysis of the low NLR (NLR < 5) and high NLR groups (NLR ≥ 5). In patients with a low
NLR (Figure 3A,B), there was no difference between the MD and SD groups in terms of OS
(p = 0.711) and PFS (p = 0.447). In patients with a high NLR, there was no difference in OS
between the two groups (p = 0.089, Figure 3C); however, PFS was significantly shorter in
the MD group than in the SD group (2.1 months vs. 4.8 months; p = 0.013; Figure 3D).
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In the univariable Cox proportional hazards analysis, the factors associated with OS were 
pretreatment NLR (p = 0.001) and ECOG PS (p = 0.007), while the factors associated with 
PFS included pembrolizumab dose per body weight (p = 0.048), pretreatment NLR (p = 
0.001) and ECOG PS (p = 0.044). The multivariable Cox proportional hazards models indi-
cated that the independent factors related to OS were pretreatment NLR (adjusted HR = 
0.052; 95% CI: 0.006–0.489; p = 0.010) and PD-L1 expression (adjusted HR = 0.218; 95% CI: 
0.061–0.782; p = 0.019), while those for PFS were pretreatment NLR (adjusted HR = 0.259; 
95% CI: 0.082–0.816; p = 0.021) and adenocarcinoma histology (adjusted HR = 0.052; 95% 
CI: 0.003–0.832; p = 0.037). In terms of ORR, after considering many potential confounders, 

Figure 3. Kaplan–Meier survival analyses by risk group and dose of pembrolizumab. (A,B): OS and
PFS in low NLR group (NLR < 5). (C,D): OS and PFS in high NLR group (NLR ≥ 5). Abbreviations:
OS—overall survival; PFS—progression-free survival; NR—not reached.

3.3. Results of the Regression Model

Table 2 shows the univariable and multivariable Cox proportional hazards analyses.
In the univariable Cox proportional hazards analysis, the factors associated with OS were
pretreatment NLR (p = 0.001) and ECOG PS (p = 0.007), while the factors associated
with PFS included pembrolizumab dose per body weight (p = 0.048), pretreatment NLR
(p = 0.001) and ECOG PS (p = 0.044). The multivariable Cox proportional hazards models
indicated that the independent factors related to OS were pretreatment NLR (adjusted
HR = 0.052; 95% CI: 0.006–0.489; p = 0.010) and PD-L1 expression (adjusted HR = 0.218; 95%
CI: 0.061–0.782; p = 0.019), while those for PFS were pretreatment NLR (adjusted HR = 0.259;
95% CI: 0.082–0.816; p = 0.021) and adenocarcinoma histology (adjusted HR = 0.052; 95%
CI: 0.003–0.832; p = 0.037). In terms of ORR, after considering many potential confounders,
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pembrolizumab dose per body weight was found to be independently associated with ORR
(adjusted OR = 1.867; 95% CI: 1.067–3.265; p = 0.029).

Table 2. Univariable and multivariable Cox regression analysis for cancer-specific survival and
various clinicopathologic factors.

OS PFS

Univariable Multivariable Univariable Multivariable

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Standard dose
(ref: modified)

0.670
(0.293–1.533) 0.343 0.591

(0.059–5.954) 0.656 0.517
(0.266–1.004) 0.051 0.642

(0.105–3.927) 0.631

Dose
(mg/kg)

0.790
(0.485–1.289) 0.346 0.677

(0.158–2.898) 0.599 0.687
(0.474–0.997) 0.048 0.543

(0.191–1.549) 0.254

Pretreatment
NLR <5

(ref: NLR ≥ 5)

0.231
(0.095–0.566) 0.001 0.052

(0.006–0.489) 0.010 0.309
(0.158–0.604) 0.001 0.259

(0.082–0.816) 0.021

PD-L1 positive
(ref: negative)

0.467
(0.190–1.151) 0.098 0.218

(0.061–0.782) 0.019 0.560
(0.271–1.158) 0.118 0.425

(0.160–1.130) 0.086

ECOG PS 0-1
(ref: ≥2)

0.33
(0.147–0.740) 0.007 0.444

(0.108–1.818) 0.259 0.495
(0.250–0.980) 0.044 0.411

(0.126–1.340) 0.141

ADC
(ref: SqCC)

1.760
(0.412–7.524) 0.446 0.062

(0.002–1.652) 0.097 0.911
(0.380–2.188) 0.836 0.052

(0.003–0.832) 0.037

EGFR mutation
(ref: no)

1.224
(0.494–3.033) 0.663 1.665

(0.356–7.788) 0.517 1.975
(0.967–4.036) 0.062 1.154

(0.381–3.494) 0.800

Age < 65
(ref: ≥65)

0.674
(0.307–1.482) 0.327 0.296

(0.070–1.248) 0.097 0.972
(0.515–1.835) 0.909 1.463

(0.503–4.253) 0.485

Male
(ref: Female)

0.877
(0.397–1.936) 0.745 0.696

(0.129–3.749) 0.673 0.969
(0.517–1.816) 0.922 0.980

(0.285–3.364) 0.974

Smoking
(ref: non)

1.291
(0.382–2.860) 0.530 3.161

(0.382–26.188) 0.286 0.645
(0.344–1.210) 0.172 0.450

(0.112–1.806) 0.260

Brain metastases
(ref: no)

0.969
(0.427–2.197) 0.939 0.713

(0.173–2.938) 0.639 1.269
(0.665–2.422) 0.469 1.191

(0.461–3.072) 0.718

First-line therapy
(ref: ≥2)

0.596
(0.248–1.430) 0.247 1.119

(0.166–7.552) 0.908 0.520
(0.263–1.028) 0.060 1.062

(0.312–3.616) 0.923

Abbreviations: OS—overall survival; PFS—progression-free survival; HR—hazard ratio; CI—confidence interval;
ref—reference; NLR—neutrophil lymphocyte ratio; PD-L1—programmed death-ligand 1; ECOG—Eastern Coop-
erative Oncology Group; PS—performance status; ADC—adenocarcinoma; SqCC—squamous cell carcinoma;
EGFR—epidermal growth factor receptor.

3.4. Tumor Response between MD and SD Groups

Table 3 shows the tumor response in the MD and SD groups. The ORR was significantly
lower in the MD group than in the SD group (13.9% vs. 53.6%; p = 0.001); however, the DCR
was similar between the two groups (63.9% vs. 78.6%; p = 0.202). When pembrolizumab
was used as first-line treatment, the ORR tended to be lower in the MD group than in the
SD group (30% vs. 66.7%; p = 0.086), and there was no difference in the DCR between the
two groups (MD group 70% vs. SD group 80%; p = 0.517). When pembrolizumab was used
beyond first-line treatment, there was no difference in the DCR between the two groups;
however, the ORR was significantly lower in the MD group than in the SD group (7.7% vs.
38.5%; p = 0.033).
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Table 3. Tumor response outcomes of modified-dose and standard-dose groups.

Best Overall Response, No. (%) ORR * DCR †

CR PR SD PD NE No. (%) p Value No. (%) p Value

All patients (n = 64)
Modified-dose group (n = 36) 0 5 (13.9) 18 (50) 9 (25) 4 (11.1) 5 (13.9)

0.001
23 (63.9)

0.202Standard-dose group (n = 28) 1 (3.6) 14 (50) 7 (25) 4 (14.3) 2 (7.1) 15 (53.6) 22 (78.6)

First-line treatment (n = 25)
Modified-dose group (n = 10) 0 3 (30) 4 (40) 2 (20) 1 (10) 3 (30)

0.086
7 (70)

0.517Standard-dose group (n = 15) 1 (6.7) 9 (60) 2 (13.3) 2 (13.3) 1 (6.7) 10 (66.7) 12 (80)

Beyond first-line treatment (n = 39)
Modified-dose group (n = 26) 0 2 (7.7) 14 (53.8) 7 (26.9) 3 (11.5) 2 (7.7)

0.033
16 (61.5)

0.324Standard-dose group (n = 13) 0 5 (38.5) 5 (38.5) 2 (15.4) 1 (7.7) 5 (38.5) 10 (77)

Low NLR (n = 29)
Modified-dose group (n = 16) 0 4 (25) 10 (62.5) 1 (6.3) 1 (6.3) 4 (25)

0.067
14 (87.5)

1Standard-dose group (n = 13) 1 (7.7) 7 (53.8) 3 (23.1) 2 (15.4) 0 8 (61.5) 11 (84.6)

High NLR (n = 35)
Modified-dose group (n = 20) 0 1 (5) 8 (40) 8 (40) 3 (15) 1 (5)

0.011
9 (45)

0.167Standard-dose group (n = 15) 0 7 (46.7) 4 (26.7) 2 (13.3) 2 (13.3) 7 (46.7) 11 (73.4)

* Objective response rate was calculated as the summation of CRs and PRs. † Disease control rate was calculated
as the summation of CRs, PRs and SDs. Abbreviations: CR—complete response; PR—partial response; SD—stable
disease; PD—progressive disease; NE—not evaluable; ORR—objective response rate; DCR—disease control rate;
NLR—neutrophil lymphocyte ratio.

In patients with a low NLR, the ORR tended to be lower in the MD group than in the
SD group (25% vs. 61.5%; p = 0.067), and there was no difference in the DCR between the
two groups (87.5% vs. 84.6%; p = 1.0). In patients with a high NLR, there was no difference
in the DCR between the two groups (45% vs. 73.3%; p = 0.167); however, the ORR was
significantly lower in the MD group than in the SD group (5.0% vs. 46.7%; p = 0.011).

3.5. Toxicities

In the overall study population, thirteen patients (20.3%) developed any grade of
immune related adverse effects (irAEs) and three patients (5%) discontinued treatment due
to toxicities. Compared to the MD group, any grade of irAEs were significantly higher in
SD group (11% vs. 32%; p = 0.038) and there was no difference in the rates of Grade 3/4
irAEs between the two groups (2.8% vs. 7.1%; p = 0.577).

4. Discussion

The results of our study showed that the MD and SD treatments had similar clinical
effectiveness, especially in patients treated beyond first-line therapy or with an NLR < 5. In
addition, the incidence of any grade of irAEs was significantly lower in the MD group than
the SD group. We also demonstrated that the pretreatment NLR was the most important
independent factor associated with survival results, including OS and PFS. To the best
of our knowledge, this is the first study to assess the utility of the pretreatment NLR
in determining MD pembrolizumab benefit in a real-world setting. Our study further
highlights that pretreatment NLR could be used as a prognostic tool among patients who
have decided to use pembrolizumab for advanced NSCLC

It is noteworthy that SD pembrolizumab as a first-line treatment was more effective
in PFS than first-line MD pembrolizumab. Furthermore, MD pembrolizumab for first-
line treatment showed a more than two-fold increase in both median PFS and OS when
compared to MD pembrolizumab beyond first-line treatment (OS: 22.7 months versus
9.4 months and PFS: 8.9 months versus 3.5 months, respectively). In keynote-010, the Cox
proportional hazards model for OS showed that high dose pembrolizumab could decrease
the risk of death by 17% (HR for 2 mg/kg vs. 10 mg/kg: 1.17; 95% CI: 0.94–1.45), though the
relevant findings did not reach statistical significance. In addition, a previous meta-analysis
reported that first-line immunotherapy had better effectiveness than immunotherapy for
use as a second-line treatment [32]. Accordingly, MD pembrolizumab seems to be a good
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option to use in beyond first-line treatment. In addition, SD pembrolizumab could be
a protective factor for tumor response in first-line treatment. We believe that this study
provides some evidence for clinicians and patients who wish to select MD pembrolizumab
as an alternative choice.

To date, increasing studies have indicated that MD anti-PD-1 treatments may be
important options for real-world practice settings to reduce the financial burden resulting
from the extremely high cost of the SD regimen without compromising clinical outcomes.
In 2018, Yoo SH et al. demonstrated that MD nivolumab (20 or 100 mg every three weeks)
was as effective as SD nivolumab (3 mg/kg every two weeks) in advanced NSCLC [33],
with no significant differences in OS, PFS, ORR and DCR. In 2021, Low JL et al. found that
there was no significant difference in PFS, OS, ORR and DCR between MD (100 mg every
three week) and SD pembrolizumab when used as monotherapy or in combination with
chemotherapy [24]. The findings of these studies are inconsistent with our research, which
observed a short PFS and low ORR in the MD group. In a prior study [24], 80% of the
patients received pembrolizumab as first-line treatment. In addition, the MD group had
significantly more patients with a PD-L1 TPS score ≥50% (Pem100: 68% vs. Pem200: 39%;
p = 0.005). As mentioned above, first-line immunotherapy seems to be more effective than
beyond first-line treatment, and it is well known that patients with a PD-L1 TPS score ≥50%
can potentially account for a great deal of the favorable clinical outcomes. In our present
study, the proportion of patients with a PD-L1 TPS score ≥50% was similar between the
MD and SD groups (38.9% vs. 60.7%; p = 0.117). The aforementioned results may explain
the shorter PFS and lower ORR in our MD group.

The pretreatment NLR is known as a prognostic predictor in patients with NSCLC
receiving systemic therapy, including ICIs [34–37]. In our study, the pretreatment NLR
was the only independent prognostic factor associated with both OS and PFS. Notably,
PFS was relatively short and ORR was relatively low after the administration of MD
pembrolizumab in patients with a high pretreatment NLR. In patients with cancer, the
inflammation process has been suggested as the reason for immune resistance, which
may promote tumor growth and invasion [38–40]. The inflammatory cells of the tumor
microenvironment may break down the adaptive immune responses and block the response
to anti-tumor treatment [40,41]. Our study confirmed that a high pretreatment NLR was an
important factor for poor prognosis, and SD pembrolizumab may be used to improve the
treatment outcome.

Our study had several limitations. First, due to the observational study design, some
confounders might affect our findings. Nevertheless, we carried out relevant analyses
and assured that there was no significant difference in the baseline characteristics between
the two groups. Secondly, some researchers might criticize the limited sample size in this
study. The small sample size is a common limitation in modified-dose immunotherapy
studies [24,33] because of the economic burden on healthcare systems and patients [25].
However, we already evaluated the statistical power in our study to estimate the impact of
sample size. The statistic power (>0.9) was sufficient to detect the relevant findings and
avoid errors in this study. Despite these limitations, our study demonstrated the clinical
effectiveness of MD pembrolizumab. Maintenance pembrolizumab is suggested when
the patient is responsive or has stable disease after initial pembrolizumab monotherapy.
However, financial burden should be considered if the cost is not reimbursed by health
insurance. In such situations, the MD regimen with personalized weight-based dosing or a
fixed dose of 100 mg tri-weekly could be an alternative choice.

5. Conclusions

This study demonstrated that MD and SD pembrolizumab had similar clinical ef-
fectiveness, especially in those patients receiving beyond first-line treatment or with a
low NLR. However, the use of SD pembrolizumab could increase ORR and improve sur-
vival results in patients with a high NLR. Pretreatment risk classification using NLR may
help identify patients who might benefit from MD pembrolizumab. Further studies are
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needed to clarify the potential predictive and prognostic indicators in patients receiving
MD pembrolizumab.
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