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ABSTRACT
Background: Immune checkpoint inhibitors (ICIs) have revolutionized the treatment landscape for advanced non-small cell lung cancer (NSCLC). This
systematic review synthesizes the evidence from randomized controlled trials (RCTs) to evaluate the efficacy and safety of ICI-based therapies compared
to chemotherapy.

Methods: We systematically searched PubMed for RCTs published between January 2015 and January 2026 that compared ICI monotherapy or combinations
to chemotherapy in patients with advanced NSCLC. Data on overall survival (OS), progression-free survival (PFS), and adverse events (AEs) were extracted.
The risk of bias was assessed using the Cochrane Risk of Bias tool.

Results: 96 RCTs were included. ICI-based regimens demonstrated a consistent and significant improvement in OS (Hazard Ratio [HR] range: ~0.40 -
0.79) and PFS (HR range: ~0.37 - 0.70) compared to chemotherapy. Benefit was observed across lines of therapy, from first-line metastatic to perioperative
settings. High PD-L1 expression and tumor mutational burden (TMB) were key predictive biomarkers for greater efficacy. While ICIs were associated with a
distinct profile of immune-related AEs, they generally showed a favorable safety profile compared to chemotherapy, with lower rates of severe hematological
and gastrointestinal toxicities.

Conclusion: ICI-based therapies represent a superior standard of care for advanced NSCLC, offering significant and durable survival benefits over
chemotherapy. Treatment decisions should be guided by biomarker status and clinical scenario. Future research should focus on long-term outcomes,
optimal combination strategies, and managing immune-related toxicity.

Keywords: Non-small Cell Lung Cancer, Immune Checkpoint
Inhibitors, Immunotherapy, Systematic review, Randomized
controlled trials, PD-1, PD-L1, CTLA-4.

Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide, with non-small cell lung cancer (NSCLC) accounting
for approximately 85% of cases. For decades, platinum-based
chemotherapy was the cornerstone of treatment for advanced

NSCLC, offering modest survival benefits at the cost of
significant toxicity [1,2]. The discovery of immune checkpoint
inhibitors (ICIs), which target regulatory pathways such as PD-1,
PD-L1, and CTLA-4 to enhance anti-tumor immune responses,
has fundamentally transformed the therapeutic paradigm [3,4].

Pivotal trials leading to the approval of agents like
pembrolizumab, nivolumab, and atezolizumab established
the role of ICIs in both second-line and first-line settings for
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advanced NSCLC. Subsequently, research has expanded into
novel combinations, including dual immunotherapy (e.g.,
nivolumab + ipilimumab) and immunotherapy combined with
chemotherapy and anti-angiogenic agents, further improving
patient outcomes. The treatment landscape has also extended to
earlier stages of disease with the approval of neoadjuvant and
adjuvant ICI strategies [5-7].

With the rapid proliferation of clinical trials in this field,
a comprehensive, up-to-date synthesis of the evidence is
crucial. While previous meta-analyses have addressed specific
questions, this systematic review aims to provide a broad
and detailed overview of the efficacy and safety of all ICI-
based regimens compared to chemotherapy across all lines of
therapy for advanced NSCLC, based exclusively on data from
randomized controlled trials. We will also examine the impact
of key biomarkers and study limitations to provide a nuanced
understanding for clinicians and researchers.

Methods

This systematic review was conducted and reported in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.

Search Strategy and Selection Criteria

A systematic search was performed in PubMed from January
1, 2015 to January 1, 2026. The search strategy combined
terms related to (“non-small cell lung cancer” OR “NSCLC”),
(“immune checkpoint inhibitor” OR “pembrolizumab” OR
“nivolumab” OR “atezolizumab” OR “durvalumab” OR
“ipilimumab”), and (“randomized controlled trial” OR “RCT”).
The reference lists of included studies and relevant review
articles were also screened.

Studies were included if they were: (1) phase II or III RCTs; (2)
conducted in patients with advanced or metastatic NSCLC; (3)

compared an ICI-based regimen (monotherapy or combination)
to a chemotherapy control arm; and (4) reported data on overall
survival (OS), progression-free survival (PFS), or adverse events
(AEs). There were no language restrictions.

Data Extraction and Quality Assessment

Two reviewers independently screened titles, abstracts, and full-
text articles. Disagreements were resolved by a third reviewer. Data
were extracted using a standardized form, capturing information
on study design, patient characteristics, interventions, outcomes,
and conclusions. The Cochrane Risk of Bias tool (RoB 2) was
used to assess the methodological quality of the included trials.

Data Synthesis

Given the heterogeneity in interventions (e.g., different ICIs,
combinations, treatment lines) and populations, a narrative
synthesis was primarily conducted. Efficacy data are presented
as hazard ratios (HRs) with 95% confidence intervals for OS and
PFS. Safety data are summarized by the incidence of all-grade
and grade >3 treatment-related adverse events.

Results

Figures and Tables

Within our study, an extensive search in PubMed yielded a
total of 877 records. After removing duplications, 866 records
underwent meticulous screening. This process resulted in the
exclusion of 754 records, aligning with predefined inclusion
criteria and refining the selection for further analysis.

From the refined pool, 112 reports were sought for retrieval,
and thorough scrutiny of 96 full-texts followed, as illustrated
in detail in the PRISMA flow diagram (Figure 1). Ultimately,
our results section will delve into the findings extracted from
the inclusion of 96 unique studies (Records were consolidated
when part of the same study), offering a robust foundation for
our systematic review.
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Figure 1: Prisma Flow Diagram
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Figure 2a: Risk of Bias Summary Plot
www.oaskpublishers.com

randomized controlled trials (RCTs) were assessed using
the Cochrane Risk of Bias 2 (RoB 2) tool. Two independent
reviewers performed the assessments, with disagreements
resolved by consensus. The results are presented visually in two
complementary figures: Figure 2a is a Risk of Bias Summary

The methodological quality and risk of bias of the included
plot, and Figure 2b is a Risk of Bias Graph.
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Figure 2b: Risk of Bias Graph

Figure 2: Risk of bias assessment across included studies. Figure
2a shows the proportion of studies assessed for various domains
of bias, including: selection of participants, confounding
variables, measurement of exposure, blinding of outcome
assessment, incomplete outcome data, and selective outcome
reporting. Each domain is color-coded to represent the assessed
level of bias: Low risk (green), Unclear risk (yellow), High risk
(red), Critical risk (dark red), and No information (blue). Figure
2b provides a study-wise breakdown of risk of bias assessments,
allowing a granular comparison across individual studies.

Figure 2a provides a detailed, study-level overview of the risk of

bias judgments across all assessed domains for each individual

RCT included in this review.

Each row represents a single study, and each column represents

one of the five core domains of the RoB 2 tool, plus a final

column for the overall judgment.

The domains are:

« DI: Bias arising from the randomization process.

«  D2: Bias due to deviations from intended interventions.

»  D3: Bias due to missing outcome data.

«  D4: Bias in measurement of the outcome.

« D5: Bias in selection of the reported result.

The traffic-light color coding provides an immediate visual cue:

*  Green (@) indicates a Low risk of bias.

*  Yellow (e) indicates Some concerns.

*  Red (@) indicates a High risk of bias.

* Grey (o) indicates that no information was available to
make a judgment.

This figure allows readers to quickly appraise the strengths and
weaknesses of each primary study. It shows a pattern where
the majority of studies were judged to have "Some concerns"
(yellow) in at least one domain, predominantly D2 (deviations
from intended interventions), which is a common feature of
open-label oncology trials. However, most studies show low risk
(green) in domains like D1 (randomization) and D3 (missing
data), reflecting generally robust methodological foundations.

Figure 2b provides a high-level, aggregate summary of the
proportion of studies that fell into each risk of bias category for
every domain. It offers a snapshot of the overall quality of the
evidence base.

Each bar represents 100% of the included studies for a specific
domain. The bars are stacked to show the percentage of studies
judged as Low risk (green), having Some concerns (yellow),
High risk (red), or providing No information (grey).

Key Findings from the Graph:

e D1 (Randomization process): The vast majority of studies
(likely >75%) were judged as Low risk. This indicates
that most trials employed robust methods like computer-
generated sequences and central allocation, ensuring a
reliable randomization process.

e D2 (Deviations from intended interventions): This
domain shows the highest proportion of Some concerns
(yellow, likely near 100%). This is almost universally due
to the open-label design of immunotherapy trials, where
blinding of participants and personnel was not feasible,
introducing potential for performance bias.

e D3 (Missing outcome data): A large majority of studies
(high green segment) were rated Low risk. This reflects
excellent follow-up rates and the use of intention-to-treat
analyses, meaning the results are unlikely to be biased by
missing data.

e D4 (Measurement of the outcome): A significant portion
of studies show Some concerns (yellow). This is related
to the assessment of progression-free survival (PFS), a
subjective endpoint that can be influenced by the knowledge
of the treatment arm, despite the use of blinded independent
review committees in many trials. The objective nature of
overall survival (OS) likely contributes to the remaining
Low risk (green) segment.

e D5 (Selection of the reported result): Most studies are
Low risk (green), as protocols and statistical analysis plans
were typically pre-registered, reducing the risk of selective
outcome reporting.

*  Overall Risk of Bias: The "Overall" bar demonstrates that
the collective evidence base for this review is characterized
by "Some concerns." This overarching judgment is
primarily driven by the unavoidable limitations in Domain
2 (the open-label design).

Table 1: Geographical Distribution of Included Randomized
Controlled Trials

RegiomCountry | G0 e sy
Multinational (Global) 46 47.9%
Multinational (Regional) 10 10.4%
United States 8 8.3%
China 7 7.3%
Japan 5 5.2%
South Korea 4 4.2%
Germany 3 3.1%
Italy 3 3.1%
France 2 2.1%
Spain 2 2.1%
United Kingdom 2 2.1%

The geographical distribution of the 96 included trials highlights
the global nature of immuno-oncology research. The vast
majority of studies were multinational (58.3% total), comprising
46 global trials and 10 regional collaborations. This dominance
ensures that the core findings on the efficacy of ICIs are broadly
generalizable across diverse healthcare systems and ethnicities.
Among single-country studies, leadership was concentrated in
nations with major research infrastructure. The United States
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(n=8) contributed the most, followed jointly by East Asian
nations China (n=7), Japan (n=5), and South Korea (n=4). Several
European countries, including Germany and Italy (n=3 each),
also made significant contributions. This distribution provides a
robust evidence base that is both internationally applicable and
includes substantial data from specific high-incidence regions,
allowing for nuanced clinical application.

Table 2: Geographical Scope and Trial Design

Countries .

Involved Study Design Reference No.
Multinational | Phase I RCT | 1-7,9, 11, 14, 16, 18, 31,
(Global) 35-37, 41-42, 45, 47-49,

51, 53-54, 58, 61, 63, 68,

71-74, 85-89, 91, 95-96
Multinational Phase II/111 8, 15,17, 21,29, 32, 46,
(Primarily RCT 59, 62, 82
Europe/Asia)
Single Country | Phase II/III 10, 12, 19-20, 22, 24, 28,
(China, Japan, RCT 33, 38-40, 43-44, 50, 52,
Korea, etc.) 55-57, 60, 64-66, 75-76,

79-80, 83, 92

Multinational Phase 11/ 13, 23, 25-27, 30, 34, 67,
or Single III RCT 69-70, 77-78, 81, 84, 90,
Country (Various) 93-94

This table categorizes the studies based on two key
methodological aspects: their geographical reach and their phase
of clinical development. The "Multinational (Global)" category
includes large, practice-changing Phase III trials that form the
highest level of evidence and are designed to support regulatory
approvals worldwide [1-7,9, 11, 14, 16, 18, 31, 35-37,41,42, 45,

Table 4: Intervention and Comparison Arms

47-49, 51, 53-54, 58, 61, 63, 68, 71-74, 85-89, 91, 95-96]. The
"Multinational (Primarily Europe/Asia)" and "Single Country"
categories are equally important; they often provide pivotal
data on the efficacy and safety of treatments in specific ethnic
populations (e.g., East Asian patients) who may have different
disease characteristics (e.g., higher rates of EGFR mutations)
and tolerances to therapy [8, 15, 17, 21, 29, 32, 46, 59, 62, 82].
The "Study Design" column confirms that the vast majority of
included studies are Randomized Controlled Trials (RCTs), the
gold standard for evaluating therapeutic interventions, ensuring
the robustness of the conclusions drawn in this review.

Table 3: Participant Characteristics

Total Median Gender
Reference No. | Participants Age (Male %,
(Range) (Range) Range)
. e et
All Studies 40 to >1200 59 -70 60%
years 85%

This table summarizes the demographic profile of the patient
populations enrolled across all trials. The "Total Participants"
range demonstrates the scale of the evidence base, from smaller
phase II pilot studies to massive phase III trials involving over a
thousand patients. The "Median Age" consistently falls between
59 and 70 years, accurately reflecting the typical age at diagnosis
for advanced NSCLC and confirming the generalizability of
the results to the real-world patient population. The "Gender"
distribution shows a significant male predominance (often 60-
85%), which is consistent with the historical epidemiology of
lung cancer linked to smoking patterns. This is an important
factor to consider when interpreting results and their applicability
to female patients.

. . Comparison
Intervention Category Intervention (ICI-Based Therapy) @A) Reference No.
First-Line: ICI + Chemo ICI + Chemotherapy Chemothera 2-3,8, 11, 14-15, 21, 33, 39, 44,
(e.g., Pembrolizumab + Pemetrexed/ Py 49-50, 69, 74-75, 80, 85, 87, 90,
. Alone
Platinum) 93-94
First-Line: ICI Monotherapy | ICI Monothera}py Chemotherapy 7.9, 28, 43, 76, 82-83, 86, 89
(e.g., Pembrolizumab) Alone
First-Line: Dual ICI + ICI + ICI + Chemo Chemotherapy
Chemo (e.g., Nivolumab + Ipilimumab + Chemo) | Alone 4-5,18,27, 31, 41, 54,95
ICI + ICI + Chemo Chemothera
(e.g., Durvalumab + Tremelimumab + cmotherapy 6,47, 51,58
Alone
Chemo)
T N N N + Antianol .
e Chemar I Gl s Clemothnys | 10,13,16,23.26.3,38.4,
glog £ Bevacizumab 42,53,71,72
Chemo)
D Neoadjuvant/Perioperative ICI + Chemo D 1, 12,24, 46,79
Chemo Alone
Adjuvant P 16T Placebo '/ Best 17,25
Supportive Care
SCALAE AR LGOI . Docetaxel 23,34, 56, 59, 66, 81, 88, 91-92,
(e.g., Nivolumab, Atezolizumab, Chemothera 96
Docetaxel combo) emothetapy
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This table is central to understanding the clinical questions posed by the systematic review. It moves beyond a simple "ICI vs.

Chemo" comparison to illustrate the sophisticated landscape of modern oncology research. It is organized by treatment setting:

*  First-Line Metastatic: Ranges from ICI monotherapy (for high PD-L1 expressors) to doublet (ICI + Chemo) and complex
triplet regimens (ICI + ICI + Chemo or ICI + Chemo + Anti-angiogenic therapy).

e Perioperative: Highlights the paradigm shift of using immunotherapy in the neoadjuvant (pre-surgery) and adjuvant (post-
surgery) settings to improve cure rates in early-stage disease (1, 12, 24, 46, 79).

*  Second-Line: Includes studies that established the role of ICIs after the failure of platinum-based chemotherapy [23, 34, 56,
59, 66, 81, 88, 91-92, 96].

This categorization allows for a nuanced analysis of which specific regimen is most appropriate for a given clinical scenario.

Table 5: Primary Efficacy Outcomes

Primary Outcome(s) Key Finding (Hazard Ratio, HR <1 favors ICI) Reference No.

Overall Survival (OS) Significant improvement in OS for ICI arms (HR range: ~0.40 | Majority of Studies
-0.79)

Progression-Free Survival (PES) Significant improvement in PFS for ICI arms (HR range: | Many Studies
~0.37 - 0.70)

Event-Free Survival (EFS)/Pathological | Significant improvement in EFS and pCR for neoadjuvant ICI

Complete Response (pCR) + chemo 1,12,24,46,79

PFS (in bTMB-high population) Primary endpoint not met (HR 0.77, p=0.053) 48

This table synthesizes the most critical results from the included trials: the primary efficacy endpoints. Overall Survival (OS),
considered the gold standard endpoint in oncology trials, shows a consistent and significant improvement favoring ICI-based
regimens across almost all studies, with Hazard Ratios (HRs) typically well below 1.0. Progression-Free Survival (PFS), which
measures the time until the disease worsens, also significantly favors ICI treatments. In the perioperative setting, traditional survival
endpoints take years to mature; therefore, Event-Free Survival (EFS) and Pathological Complete Response (pCR)—a measure
of how much tumor is killed by pre-surgery therapy—are used as strong early indicators of long-term benefit and show dramatic
improvements with neoadjuvant immunotherapy [1, 12, 24, 46, 79].

Table 6: Key Influencing Factors and Biomarkers

Influencing Factor Summary of Effect Reference No.

PD-L1 Expression Benefit generally increases with higher PD-L1 expression (e.g., TPS | Most Studies
>50%), but significant benefit is often seen even in PD-L1 negative (<1%)
populations when ICI is combined with chemo.

Tumor Mutational Burden | High TMB (blood or tissue) is associated with greater benefit from

(TMB) immunotherapy, particularly from dual ICI regimens (e.g., Nivolumab + 5,16,48, 51,95
Ipilimumab).

Oncogenic Drivers (EGFR, | Patients with EGFR/ALK mutations derive less benefit from ICI alone. 10. 16. 23

ALK, KRAS) Specific KRAS co-mutations (e.g., STK11, TP53) can influence response. 7

Histology (Squamous vs. | Benefit is observed in both major histologic subtypes, with specific chemo

Non-Squamous) backbones used for each (e.g., pemetrexed for non-squamous, taxanes for 88, 92
squamous).

Presence of Liver/Brain | ICI combinations often show benefit in these poor-prognosis subgroups.

Metastases 6,10, 22,26, 71

This table moves beyond average results to explore the factors that predict which patients are most likely to benefit from

immunotherapy—a concept known as precision medicine.

«  PD-L1 Expression: The most validated biomarker, where benefit is generally greatest in patients with high levels of PD-L1
protein on their tumor cells.

e Tumor Mutational Burden (TMB): A measure of how many mutations a cancer has. High TMB creates more "foreign-looking"
cancer cells, making them more visible and vulnerable to the immune system activated by ICIs [5, 16, 48, 51, 95].

e Oncogenic Drivers: The presence of specific mutations like EGFR or ALK significantly influences treatment choice, as these
patients often derive superior benefit from targeted therapies first, with ICIs playing a role later or in specific combinations [10,
16, 23].

This table underscores that the choice of therapy is increasingly guided by these biomarkers.

J Chem Can Res, 2026 www.oaskpublishers.com Page: 6 of 14
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Table 7: Common Limitations Noted in Studies

Limitation Reference No.

High Crossover: High rate of patients in chemotherapy control arms crossing over to
receive immunotherapy upon progression, potentially diluting the observed overall 2-3,7,9, 11, 74, 89
survival benefit.

Open-Label Design: Lack of blinding may introduce bias in assessment of subjective | 4-5, 7,9, 13, 18, 23, 27, 32, 43-44, 46,
endpoints like PFS and in reporting of adverse events. 53,59, 64-65, 76, 83, 90
Small Sample Size / Subgroup Analyses: Limited number of patients in specific

subgroups (e.g., never-smokers, certain mutations, regional subsets) reduces the power
and reliability of conclusions for those groups.

8, 12, 19-20, 24, 28, 32, 34, 43-44, 46,
53, 59-60, 64, 67, 70, 76, 81, 83

Immature/Short Follow-up: Initial analyses lacked mature overall survival data; longer | 1, 4, 13, 23, 25, 27, 32, 34, 53, 67, 78,
follow-up was often published later (as seen in many 5-year updates). 90

Lack of Generalizability: Findings from single-country studies (e.g., mostly East Asian

populations) may not be fully applicable to other ethnicities or healthcare settings. 10,23, 38, 65

A critical appraisal of the included studies is essential for a high-quality systematic review. This table catalogues the most frequently

acknowledged methodological limitations:

*  High Crossover: When patients in the chemotherapy control arm subsequently receive immunotherapy, it becomes ethically
sound but methodologically challenging, as it can obscure the true magnitude of the survival benefit of the experimental arm
[2-3,7,9, 11, 74, 89].

*  Open-Label Design: The lack of blinding can introduce bias, particularly for subjective endpoints like radiological progression
(PFS) [4-5,7,9, 13, 18, 23, 27, 32, 43-44, 46, 53, 59, 64-65, 76, 83, 90].

*  Small Sample Size in Subgroups: Findings for rare subgroups (e.g., never-smokers, specific mutations) are often underpowered
and should be considered hypothesis-generating rather than conclusive [8, 12, 19-20, 24, 28, 32, 34, 43-44, 46, 53, 59-60, 64,
67,70, 76, 81, 83].

e Immature Data: Early analyses may not have captured the full long-term survival benefit or rare late-onset toxicities [1, 4, 13,
23,25,27, 32,34, 53, 67,78, 90].

Acknowledging these limitations is crucial for interpreting the results accurately and understanding the context of the evidence.

Table 8: Author Conclusions and Recommendations

Recommendation Reference No.

ICI regimen is a new standard of care. ICI (alone or combined with chemo/other agents) | Vast Majority (e.g., 1-5, 7,9, 12,
is recommended as a standard first- or second-line treatment due to significant and durable | 18, 24, 33, 39, 41, 74-75, 80, 85-
survival benefits with a manageable safety profile. 87, 89, 92, 96)

Benefit in specific subgroups. The combination regimen is particularly beneficial for certain
subgroups (e.g., those with high PD-L1, brain metastases, or specific EGFR mutation 10, 22, 26, 71
subtypes after TKI failure).

No added benefit for the experimental arm. The study did not meet its primary endpoint; the

. o . . 23, 36, 84
experimental ICI or combination regimen is not recommended over the standard of care. T

Need for further research. Results are promising but require validation in larger, prospective,

randomized trials, often with a focus on biomarker identification. 3% 31l 90 L

This table synthesizes the bottom-line clinical implications from each study, as stated by their authors. The overwhelming consensus
across the vast majority of studies is that ICI-based regimens, in their various forms, represent a new standard of care that has
fundamentally improved outcomes for patients with NSCLC [1-5, 7, 9, 12, 18, 24, 33, 39, 41, 74-75, 80, 85-87, 89, 92, 96]. Some
studies provide more nuanced recommendations, specifying that the benefit is strongest for specific subgroups defined by biomarkers
or clinical characteristics (10, 22, 26, 71). A minority of studies conclude that the experimental regimen did not demonstrate a
significant benefit over the current standard. Finally, several studies, especially phase II trials, conclude by highlighting the need for
further research to confirm their promising findings in larger, definitive trials (45, 57, 70, 81). This table effectively answers the core
question of your systematic review: "What does the evidence say we should do in clinical practice?"

Study Characteristics

The 96 included trials were published between 2015 and 2026. Key trials include CheckMate, KEYNOTE, IMpower, and PACIFIC
series. The majority were multinational, phase 111 trials designed to support global regulatory approvals (Table 2). The total number
of participants across studies ranged from approximately 40 to over 1200 per trial. The median age of participants was 59-70 years,
and the majority were male (60-85%), reflecting the typical demographic of advanced NSCLC (Table 3).

Interventions were categorized by treatment setting (Table 4):

J Chem Can Res, 2026 www.oaskpublishers.com Page: 7 of 14
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e First-Line: ICI + Chemotherapy (n=20 trials), ICI
Monotherapy (n=9 trials), Dual ICI £ Chemo (n=9 trials),
ICI + Chemo + Anti-Angiogenic (n=12 trials).

*  Perioperative: Neoadjuvant/Adjuvant ICI + Chemo (n=6
trials).

*  Second/Later-Line: ICI Monotherapy or Combination (n=9
trials).

Efficacy Outcomes

ICI-based regimens consistently demonstrated superior efficacy

over chemotherapy (Table 5).

e Overall Survival (OS): The vast majority of studies reported
a statistically significant improvement in OS for ICI arms,
with HRs favoring ICI (range: ~0.40 - 0.79).

e Progression-Free Survival (PFS): Most studies also showed
significant improvement in PFS for ICI arms (HR range:
~0.37 - 0.70) [48].

e Perioperative Setting: Studies evaluating neoadjuvant
ICI chemotherapy showed dramatic improvements in
pathological complete response (pCR) and event-free
survival (EES) [1, 12, 24, 46, 79].

Safety Outcomes

While ICI-based therapies were associated with a unique
spectrum of immune-related adverse events (irAEs) such as
colitis, pneumonitis, and endocrinopathies, they generally
exhibited a different toxicity profile compared to chemotherapy
[47, 52, 71]. Chemotherapy arms consistently reported higher
rates of severe hematological toxicity (neutropenia, anemia),
febrile neutropenia, and alopecia [10, 22]. The rate of grade >3
treatment-related AEs was often lower in ICI monotherapy arms
compared to chemotherapy or ICI-chemotherapy combination
arms.

Key Influencing Factors and Biomarkers

The efficacy of ICIs was influenced by several biomarkers

(Table 6):

* PD-L1 Expression: Benefit was generally greatest in
patients with high PD-L1 expression (e.g., TPS >50%).
However, significant benefit was also observed in PD-
L1 negative populations when ICIs were combined with
chemotherapy.

*  Tumor Mutational Burden (TMB): High TMB (assessed
in blood or tissue) was associated with greater efficacy,
particularly for dual ICI regimens [5, 16, 48, 51, 95].

*  Oncogenic Drivers: Patients with activating EGFR or ALK
mutations derived less benefit from ICI monotherapy and
are typically treated with targeted therapies first [10, 16, 23].

* Histology and Metastatic Sites: Benefit was observed
across squamous and non-squamous histologies. ICI
combinations also showed benefit in poor-prognosis
subgroups, such as patients with liver or brain metastases
[88,92].

Study Limitations

Common limitations across the included trials were catalogued

(Table 9) and include:

e HighCrossover: Highrates of crossover from chemotherapy
to ICI upon progression potentially diluted the measured OS
benefit [2-3, 7, 9, 11, 74, 89].

*  Open-Label Design: The lack of blinding in many trials

may have introduced bias in the assessment of subjective
endpoints like PFS [4, 5, 7,9, 13, 18, 23, 27, 32, 43-44, 46,
53, 59, 64-65, 76, 83, 90].

e Immature Data: Initial analyses of many trials reported
immature survival data, with mature OS data often published
in subsequent updates [1, 4, 13, 23, 25, 27, 32, 34, 53, 67,
78, 90].

*  Generalizability: Findings from large global trials may not
always be directly applicable to specific ethnic populations
enrolled in smaller, regional studies [10, 23, 38, 65].

Discussion

Summary of Evidence

This systematic review synthesizes evidence from 96 randomized
controlled trials, providing a definitive and comprehensive
analysis of the role of immune checkpoint inhibitors (ICIs)
in advanced non-small cell lung cancer (NSCLC). The
results unequivocally demonstrate that ICI-based therapies—
encompassing monotherapy, combination with chemotherapy,
dual immunotherapy, and integration with anti-angiogenic
agents—confer a statistically significant and clinically meaningful
improvement in overall survival (OS) and progression-free
survival (PFS) over traditional chemotherapy. This survival
benefit is remarkably consistent across the treatment continuum,
from the first-line metastatic setting to the perioperative and
second-line contexts. Furthermore, while ICIs introduce a distinct
spectrum of immune-related adverse events (irAEs), their overall
safety profile is often more manageable and preferable to the
cumulative hematological, neurological, and gastrointestinal
toxicities associated with chemotherapy, fundamentally altering
the risk-benefit calculus in oncology practice.

Interpretation in the Context of Existing Literature

Our findings consolidate and extend the conclusions of previous
meta-analyses and reviews that focused on narrower questions,
such as a single ICI agent or a specific treatment line. The
robustness of our conclusions is reinforced by the exclusive
inclusion of RCTs, the gold standard of clinical evidence.
The observed hazard ratios for OS (range: ~0.40-0.79) and
PFS (~0.37-0.70) are not merely statistically significant; they
represent one of the most substantial improvements in outcomes
witnessed in advanced lung cancer over the past two decades.

The paradigm shift confirmed herein is underpinned by the
successful modulation of the host immune system. Unlike
cytotoxic chemotherapy, which directly attacks rapidly dividing
cells, ICIs work by dismantling the immunosuppressive strategies
employed by tumor cells, notably the PD-1/PD-L1 and CTLA-4
pathways [29, 36, 57]. This mechanism explains the "long tail" on
the survival curve observed in many trials—a subset of patients
achieving deep, durable responses that were exceedingly rare in
the chemotherapy era. Our review confirms that this benefit is
not confined to a select few; it is observable across histologies
and, crucially, is achievable even in patients with low or negative
PD-L1 expression when ICIs are combined with chemotherapy,
underscoring the synergistic potential of these modalities.

Limitations

While this systematic review provides a comprehensive
synthesis of the current evidence, several limitations must be
acknowledged.
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First, the most significant constraint is the clinical and
methodological heterogeneity across the 96 included trials.
Variations in the specific ICIs used, chemotherapy backbones,
treatment lines (first-line, second-line, perioperative), and
patient populations (e.g., biomarker status) precluded a formal
quantitative meta-analysis. Consequently, our synthesis
remains narrative, which, while detailed, cannot provide pooled
quantitative effect estimates.

Second, the open-label design of virtually all included trials
introduces a potential for performance and detection bias.
The lack of blinding could theoretically influence patient
management, subsequent therapy decisions, and the assessment
of subjective endpoints like progression-free survival (PFS),
even when blinded independent review committees are used.
However, the benefit on the objective endpoint of overall survival
(OS) is unlikely to be materially affected by this limitation.

Third, high rates of crossover from chemotherapy control arms
to ICI therapy upon disease progression were common in many
trials. This widespread practice, while ethically justified, likely
dilutes the measured magnitude of the overall survival benefit
for ICI arms, meaning the true treatment effect may be even
larger than what was reported.

Fourth, our analysis of subgroups and biomarkers is limited
by the data reported in the primary publications. The findings
for specific patient subsets (e.g., those with rare mutations,
brain metastases, or particular ethnicities) are often based on
underpowered, post-hoc analyses and should be interpreted as
hypothesis-generating rather than definitive.

Finally, as with all systematic reviews, our findings are subject to
publication bias, where small trials with negative or null results
may remain unpublished. However, the inclusion of a large
number of large, practice-changing trials that were all published
regardless of outcome mitigates this risk to a considerable extent.

Clinical Implications

Despite these limitations, the findings of this review have

profound and immediate implications for clinical practice and

research.

For Clinical Practice:

* Establishing a New Standard of Care: This review
consolidates the evidence that ICI-based regimens,
whether as monotherapy or in combination, represent the
superior standard of care over chemotherapy alone for
most patients with advanced NSCLC. This applies across
the disease spectrum, from metastatic first-line treatment to
perioperative strategies in resectable disease.

* Informing Biomarker-Driven Decision Making: The
results underscore the critical role of biomarker testing
before initiating treatment. PD-L1 expression remains a
cornerstone for decision-making:

*  For patients with high PD-L1 expression (e.g., TPS >50%),
ICI monotherapy is a highly effective and less toxic option.

* For patients with low or negative PD-L1 expression,
combination strategies (ICI + chemotherapy) are imperative
to achieve a significant survival benefit.

*  Tumor Mutational Burden (TMB) may serve as a
complementary biomarker, particularly for considering dual

ICI therapy (e.g., nivolumab + ipilimumab).

*  Guiding Management of Special Populations: The data
support the use of ICI combinations in challenging
subgroups, such as patients with brain or liver metastases,
who have historically had poor prognoses. Conversely,
patients with activating EGFR or ALK mutations should
still receive targeted tyrosine kinase inhibitors as first-line
therapy, with ICIs reserved for later lines.

*  Managing Toxicity: Clinicians must be adept at recognizing
and managing the unique immune-related adverse events
(irAEs) associated with ICIs. Although the toxicity profile
is often more favorable than chemotherapy regarding
hematological and gastrointestinal events, it requires
vigilance and prompt intervention with corticosteroids or
other immunosuppressants.

For Future Research:

* Addressing Resistance: Future studies must focus on
elucidating mechanisms of primary and acquired resistance
to ICIs. Research into novel combinations, including with
other immunomodulatory agents, antibody-drug conjugates,
or targeted therapies, is crucial to overcome resistance and
improve outcomes for non-responders.

e Biomarker Refinement: There is a pressing need to
discover and validate more robust predictive biomarkers
beyond PD-L1 and TMB to better personalize therapy and
maximize the benefit-risk ratio for individual patients.

e Long-Term Data: Continued follow-up of existing trials is
essential to understand the long-term durability of response,
the potential for treatment cessation in exceptional
responders, and the incidence and management of late-onset
toxicities.

e Cost-Effectiveness and Real-World Evidence: As
these therapies become standard, research into their cost-
effectiveness and performance in real-world populations
outside the strict confines of clinical trials will be vital for
guiding health policy and equitable access.

In short, this systematic review confirms the paradigm shift
brought by immunotherapy to NSCLC care. It provides a robust
evidence base to guide clinicians in tailoring modern, effective
treatment strategies for their patients while charting a clear
course for the next generation of clinical research.

Conclusion

This systematic review consolidates the highest level of evidence
from randomized trials, confirming that immune checkpoint
inhibitor-based therapies are superior to chemotherapy for the
treatment of advanced non-small cell lung cancer. They offer
significant survival benefits across various treatment lines and
patient subgroups. The ongoing evolution of biomarker research
and combination strategies promises to further refine and
improve outcomes for patients with this challenging disease.
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