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A B S T R A C T

Background: The use of immunotherapy (IOT) in treating non-small-cell lung cancer (NSCLC) has revolutionized 
care standards. However, full compliance with neoadjuvant, perioperative, and adjuvant treatment protocols 
remains a challenge. This study aims to evaluate compliance rates with IOT-based protocols in neoadjuvant, 
adjuvant, and perioperative settings.
Methods: A systematic review and meta-analysis were conducted on prospective clinical trials involving preop
erative, perioperative, and postoperative IOT protocols in resectable NSCLC up to December 2024. Primary 
outcomes included compliance with medical treatment (e.g., omission of therapy rate, incomplete therapy rate, 
and omission of surgery rate), surgical outcomes (R0 resection rate), and post-treatment severe adverse events 
(AEs).
Results: A total of 30 studies, with 10,493 patients, were included. In the neoadjuvant settings, 26 studies (16 
neoadjuvant; 10 perioperative) investigated IOT alone or in combination with chemotherapy. Almost all patients 
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received at least one therapy administration, while 11.3 % experienced incomplete cycles. Surgery was not 
performed in 16.1 % of cases, and an R0 resection was achieved in 80.5 % of patients. Grade ≥ 3 AEs were 
observed in 67.7 % of patients. In the adjuvant setting, 14 studies evaluated IOT (4 adjuvant; 10 perioperative). 
Complete omission of adjuvant therapy occurred in 9,6 % of patients, while 34,6 % required a discontinuation or 
cycle reduction. Grade ≥ 3 were AEs observed in 19.0 % of patients. Overall protocol compliance was superior in 
neoadjuvant protocols (effect size: 0.78 [IC 95 %: 0.70–0.85]) compared to adjuvant protocols (effect size: 0.61 
[IC 95 %: 0.53–0.69]) and perioperative protocols (effect size: 0.49 [IC 95 %: 0.43–0.55]). However, periop
erative protocols showed similar compliance and Grade ≥ 3 AE rates compared to preoperative and post
operative protocols.
Conclusions: Compliance with treatment protocols in NSCLC remains a critical factor, particularly for radical 
surgery candidates. This study represents a landmark effort in synthesizing comprehensive data on compliance 
with immunotherapy protocols in resectable NSCLC. Improving protocol compliance through tailored strategies 
and multidisciplinary coordination is essential to maximize the therapeutic potential of immunotherapy in 
resectable NSCLC and enhance patient outcomes.

1. Introduction

Immunotherapy (IO) has revolutionized the treatment of resectable 
non-small cell lung cancer (NSCLC), whether used alone or in combi
nation with traditional chemotherapy. The incorporation of IO into 
treatment plans has dramatically reshaped the therapeutic landscape, 
introducing new approaches aimed at enhancing patient outcomes. 
However, selecting the best setting of immunotherapy application—
whether preoperative (neoadjuvant), postoperative (adjuvant), or a mix 
of both (perioperative)—is a crucial decision in modern clinical practice. 
Each strategy presents its own benefits and challenges [1,2].

Neoadjuvant IO is administered prior to surgical intervention to 
reduce tumor burdens and potentially enhance resectability, leading to 
better surgical outcomes and lower recurrence rates. Moreover, Neo
adjuvant IO may also prime the immune system to better target possible 
residual disease [3]. Nevertheless, the main disadvantage is the risk of 
delayed surgery due to potential immune-related adverse events and the 
variability in patient response rates [4].

In contrast, adjuvant IO is administered after surgical intervention to 
eradicate residual disease and reduce the probability of recurrence. This 
approach benefits from the previously removed tumor, potentially 
allowing for a more focused and less aggressive treatment regime. On 
the downside, this strategy may miss the opportunity to exploit the 
potential for an enhanced immune response generated by the initial 
presence of the tumor. Moreover, a potential decrease in patients’ per
formance status after surgery could delay systemic therapy initiation 
[4].

On the other hand, perioperative IO aims to leverage the advantages 
of both strategies by administering IO before and after surgery. This 
method potentially maximizes tumor burden reduction and residual 
disease eradication, offering a comprehensive strategy for disease 
management. Nonetheless, it also poses challenges, such as increased 
risk of cumulative adverse effects and complex treatment logistics, 
potentially impacting adherence to treatment protocols [5,6].

In this context, attrition with IO treatment protocols is a crucial 
factor influencing outcomes. This meta-analysis aims to evaluate and 
compare protocol compliance among trials utilizing different IO regi
mens in resectable NSCLC, offering insights into which strategy may 
provide the most reliable and effective management.

2. Materials and methods

This systematic review and meta-analysis followed the steps outlined 
by the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) statement [7]. We followed the PRISMA extension 
statement for reporting systematic reviews incorporating network meta- 
analyses of health care interventions: checklist and explanations [8]. 
The Cochrane Handbook for Systematic Reviews of Intervention was 
chosen as the methodological guidance [9].

2.1. Included studies

Included studies were prospective clinical trials of neoadjuvant, 
adjuvant, or perioperative anti-PD-(L)1 in patients with resectable 
NSCLC. Both single-arm and randomized controlled trials (RCTs) were 
included. Case series and retrospective studies were excluded.

2.2. Data extraction

Two authors extracted data (including terminations and refusals) 
and separately evaluated the potential for bias (F.G. and P.B.).

2.3. Search strategy and selection processes

We performed an electronic search of PubMed (via the National Li
brary of Medicine), EMBASE, Scopus, Cochrane Central Register of 
Controlled Trials (CENTRAL), and Web of Science from the database 
inception to January 2025.

Language restrictions were not imposed. Updated reports of eligible 
studies were added after manual screening, if available.

In this review, two reviewers (F.G. and P.B.) independently identi
fied and assessed studies to determine their eligibility, and a third 
reviewer (E.B.) settled any disagreements that arose.

2.4. Outcomes

The primary outcomes were related to attrition with medical treat
ment and included omission of therapy rate, incomplete therapy rate, 
omission of surgery rate, and R0 resection rate. The pre-specified sec
ondary outcomes were post-treatment severe adverse events (AEs).

2.5. Statistical analysis

Proportional meta-analysis was undertaken with the statistical soft
ware STATA 18.0 (Stata Corp, US). All meta-analyses used the Free
man–Tukey double-arcsine transformation model and presented a point 
estimate with 95 % confidence intervals. The Cochran Q test was per
formed to test for heterogeneity, and the I2 test was carried out to test for 
inconsistency. Meta-analysis was carried out for both primary and sec
ondary objectives, where sufficient data could be extracted from the 
primary studies.

3. Results

The PRISMA flow diagram presents the search results (Fig. 1). Initial 
screening identified 2908 studies. Of these, 238 search results were 
excluded during the preliminary screening because they were dupli
cates, and 2566 were excluded because they were unrelated to the topic. 
The full texts were retrieved from the remaining 67 articles, and 26 more 
reports were excluded according to our inclusion and exclusion criteria. 
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A total of 31 studies (41 reports) were included in the quantitative 
analysis [10–49] Table 1 summarises the pooled characteristics of the 
included studies.

In total, 17 of the included studies investigated IO alone or in com
bination with chemotherapy in a neoadjuvant setting, 4 in an adjuvant 
setting, and 10 in a perioperative setting. A total of 5425 patients were 
enrolled in the IO arms of the included trials: 958 (18 %) patients in the 
neoadjuvant group, 2734 (50 %) in the adjuvant group, and the 
remaining (1733–32 %) in the perioperative group.

3.1. Omission or treatment discontinuation/reduction and adverse events 
(AEs)

3.1.1. Preoperative setting
In the preoperative settings, which included 27 studies (17 neo

adjuvant; 10 perioperative), only a small proportion of patients did not 
receive any drug administration (0.6 %) (Overall Event Proportion − EP- 

0.00 [IC 95 %: 0.00–0.00]), while 11.3 % experienced incomplete cycles 
(Overall EP 0.06 [IC 95 %: 0.03–0.09]) (EP neoadjuvant 0.05 [IC 95 %: 
0.02–0.10]; EP perioperative 0.07 [IC 95 %: 0.03–0.13], P = 0.72) 
(Fig. 2a). Grade 3–4 AEs were observed in 23.5 % of patients (Overall EP 
0.17 [IC 95 %: 0.11–0.24]) (EP neoadjuvant 0.14 [IC 95 %: 0.07–0.22]; 
EP perioperative 0.23 [IC 95 %: 0.12–0.24], P = 0.20) (Fig. 2b), while 
toxicity-related mortality during the neoadjuvant period was 0.6 %. 
Incomplete treatment was related to treatment toxicity in 6.3 % of the 
cases.

3.1.2. Adjuvant setting
In the adjuvant setting, which included 14 studies (4 adjuvant; 10 

perioperative), complete omission of adjuvant therapy occurred in 9.6 % 
of patients (0.1 % adjuvant; 29.9 % perioperative) (Overall EP 0.12 [IC 
95 %: 0.04–0.02]) (EP adjuvant 0.01 [IC 95 %: 0.00–0.02]; EP periop
erative 0.22 [IC 95 %: 0.10–0.36]; P < 0.01) (Fig. 3a), while 34.6 % 
required a discontinuation or cycle reduction (38.6 % adjuvant; 25.2 % 

Fig. 1. PRISMA flow diagram. The diagram illustrates the study selection process and provides reasons for excluding records during the screening. PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Table 1 
Characteristics of the included studies.

Protocol Name Trial Number Year Start 
Recruitment

Phase Enrollement 
Completion

Setting 
(Single ¡
Multicenter)

Single 
Nation ¡
Multination

Design Stage (to 
double 
check 
edition)

TNM 
edition

EGFR/ 
ALK 
included

Experimental 
Drug

REF

IMpower010 NCT02486718 2015 3 Completed Multicenter Multination Adjuvant 
only

IB (>4 cm)- 
IIIA

7th 
edition

Yes Atezolizumab https://doi.org/10.1016/ 
S0140-6736(21)02098-5

PEARLS/KEYNOTE- 
091

NCT02504372 2016 3 Completed Multicenter Multination Adjuvant 
only

IB (>4 cm)- 
IIIA

7th 
edition

Yes Pembrolizumab https://doi.org/10.1016/ 
S1470-2045(22)00518-6

CANOPY A NCT03447769 2018 3 Completed Multicenter Multination Adjuvant 
only

II-IIIB (T >
5c m N2)

8th 
edition

Yes Canakinumab https://doi.org/10.1200/ 
JCO.23.00910

BR.31 NCT02273375 2015 3 Completed Multicenter Multination Adjuvant 
only

IB (>4 cm)- 
IIIA

7th 
edition

Yes Durvalumab -

Checkmate 159 NCT02259621 2015 2 Completed Multicenter Single Nation 
(US)

Neoadjuvant 
only

I-IIIA 7th 
edition

No Nivolumab 10.1056/NEJMoa1716078

LCMC3 NCT02927301 2017 2 Completed Multicenter Single Nation 
(US)

Neoadjuvant 
only

IB-IIIB (no 
T4, no N3)

8th 
edition

No Atezolizumab 10.1016/j. 
jtcvs.2022.10.007

neoSCORE NCT04459611 2020 2 Completed Single-center Single Nation Neoadjuvant 
only

IB-IIIA 8th 
edition

No Sintilimab 10.1038/s41392-023- 
01355-1

ChiCTR-OIC- 
17013726

ChiCTR-OIC- 
17013726

2018 1b Completed Single-center Single Nation Neoadjuvant 
only

IA–IIIB (>2 
cm)

8th 
edition

EGFR 
excluded

Sintilimab 10.1016/j.jtho.2020.01.017

NEOSTAR (Arm A 
− B)

NCT03158129 2017 2 Completed Single-center Single Nation Neoadjuvant 
only

IA-IIIA (N2 
single 
station)

7th 
edition

Yes Nivolumab 10.1016/j. 
jtcvs.2022.01.019 - 
10.1038/s41591-020- 
01224-2

NEOSTAR (Arm C 
− D)

NCT03158129 2018 2 Completed Single-center Single Nation Neoadjuvant 
only

IB (> 4 
cm)-IIIA 
(N2 single 
station)

7th 
edition

Yes Nivolumab 10.1016/j. 
jtcvs.2023.09.073 - 
10.1038/s41591-022- 
02189-0

NCT02716038 NCT02716038 2016 2 Completed Multicenter Single Nation 
(US)

Neoadjuvant 
only

IB–IIIA 7th 
edition

Yes Atezolizumab 10.1016/S1470-2045(20) 
30140-6

NEOMUN-trial NCT03197467 2018 2 Completed Single-center Single Nation 
(XX)

Neoadjuvant 
only

II-IIIA 
(N+)

7th 
edition

Yes Pembrolizumab 10.1016/j. 
lungcan.2021.01.018

IoNESCO IFCT-1601 
-NCT03030131

2017 2 Completed Multicenter Single Nation 
(France)

Neoadjuvant 
only

IB(> 4 cm)- 
IIIA(not 
N2)

8th 
edition

Yes Durvalumab 10.1136/jitc-2022-005636

Checkmate 816 NCT02998528 2017 3 Completed Multicenter Multination Neoadjuvant 
only

IB (4 cm)- 
IIIA

7th 
edition

No Nivolumab 10.1056/NEJMoa2202170

NeoCOAST NCT03794544 2019 2 Completed Multicenter Multination Neoadjuvant 
only

IA3–IIIA 8th 
edition

Yes Durvalumab 10.1158/2159-8290.CD-23- 
0436

TD-FOREKNOW NCT04338620 2020 2 Completed Multicenter Single Nation 
(CHN)

Neoadjuvant 
only

IIIA-IIIB 
(T3N2 
only)

8th 
edition

No Camrelizumab 10.1001/ 
jamaoncol.2023.2751

NCT04304248 NCT04304248 2019 2 Completed Single-center Single Nation 
(XX)

Neoadjuvant 
only

IIIA-IIIB 
(T3-T4N2 
only)

8th 
edition

No Toripalimab 10.1080/ 
2162402X.2021.1996000

TOP1201 NCT01820754 2013 2 Completed Single-center Single Nation 
(XX)

Neoadjuvant 
only

IB-IIIA 7th 
edition

Yes Ipilimumab 10.1016/j. 
athoracsur.2017.09.030

Lung-Mate001 ChiCTR1900023758 2019 2 Completed Single-center Single Nation 
(XX)

Neoadjuvant 
only

IB to IIIA 8th 
edition

No Sintilimab 10.1016/j. 
athoracsur.2022.01.039

Neo-Pre-IC NCT04326153 2020 2 Completed Single-center Single Nation 
(XX)

Neoadjuvant 
only

IIIA-IIIB 8th 
edition

No Sintilimab 10.1016/j. 
eclinm.2024.102422

PRINCEPS NCT0299457 2016 2 Completed Single-center Single Nation 
(XX)

Neoadjuvant 
only

IA(>2 cm)- 
IIIA

7th 
edition

Yes Atezolizumab https://www.esmo.org/o 
ncology-news/neoadjuva 
nt-atezolizumab-is-safe-in- 
resectable-nsclc

(continued on next page)
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Table 1 (continued )

Protocol Name Trial Number Year Start 
Recruitment 

Phase Enrollement 
Completion 

Setting 
(Single ¡
Multicenter) 

Single 
Nation ¡
Multination 

Design Stage (to 
double 
check 
edition) 

TNM 
edition 

EGFR/ 
ALK 
included 

Experimental 
Drug 

REF

NADIM NCT03081689 2017 2 Completed Multicenter Single Nation 
(ES)

Perioperative IIIA 7th 
edition

No Nivolumab 10.1016/S1470-2045(20) 
30453-8 -10.1093/ejcts/ 
ezab007

NADIM II NCT03838159 2019 2 Completed Multicenter Single Nation 
(ES)

Perioperative IIIA–IIIB 
(N3 
excluded)

8th 
edition

No Nivolumab 10.1056/NEJMoa2215530

SAKK 16/14 NCT02572843 2016 2 Completed Multicenter Single Nation 
(CHE)

Perioperative IIIA (N2) 7th 
edition

Yes Durvalumab 10.1200/JCO.21.00276

AEGEAN NCT03800134 2019 3 Completed Multicenter Multination Perioperative IIA–IIIB 
(N2)

8th 
edition

No Durvalumab 10.1056/NEJMoa2304875

KEYNOTE 671 NCT03425643 2018 3 Completed Multicenter Multination Perioperative IIA–IIIB 
(N2)

8th 
edition

Yes Pembrolizumab 10.1056/NEJMoa2302983

ChiCTR2000033588 ChiCTR2000033588 2020 2 Completed Single-center Single Nation 
(XX)

Perioperative IIA-IIIB 
(T3N2 
only)

8th 
edition

No Camrelizumab 10.1016/j.jtho.2023.02.019

Neotorch NCT04158440 2020 3 Completed Multicenter Single Nation 
(CHN)

Perioperative II-IIIB (N2 
only) 
(interim 
analysis of 
stage III 
only)

8th 
edition

Yes Toripalimab 10.1001/jama.2023.24735

TOP1501 NCT02818920 2017 2 Completed Multicenter Single Nation 
(US)

Perioperative IB-IIIA 7th 
edition

Yes Pembrolizumab 10.1016/j. 
jtcvs.2021.02.099

Checkmate 77T NCT04025879 2019 3 Completed Multicenter Multination Perioperative IIA(>4 
cm)-IIIB 
(N2 only)

8th 
edition

No Nivolumab 10.1056/NEJMoa2311926

Rationale-315 NCT04379635 2020 3 Completed Multicenter Single Nation 
(CHN)

Perioperative II-IIIA 8th 
edition

No Tislelizumab 10.1016/j. 
annonc.2023.10.054
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Fig. 2. (a) Omission or treatment discontinuation in preoperative setting; (b) grade 3–4 treatment toxicity in preoperative setting.

Fig. 3. (a) Treatment omission in the adjuvant setting; (b) Treatment discontinuation in the adjuvant setting;
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perioperative) (Overall EP 0.30 [IC 95 %: 0.24–0.37]) (EP adjuvant 0.38 
[IC 95 %: 0.31–0.46]; EP perioperative 0.26 [IC 95 %: 0.19–0.33]; P =
0.02) (Fig. 3b). Grade 3–4 AEs were observed in 21.5 % of patients (25.3 
% adjuvant; 12.7 % perioperative) (Overall EP 0.17 [IC 95 %: 
0.10––0.25]) (EP adjuvant 0.24 [IC 95 %: 0.19–0.30]; EP perioperative 
0.13 [IC 95 %: 0.05–0.24]; P = 0.08) (Fig. S1) while toxicity-related 
mortality during the adjuvant period was 0.8 % (1.1 % adjuvant; 0 % 
perioperative) (EP adjuvant 0.01 [IC 95 %: 0.01–0.02]; EP perioperative 
0.00 [IC 95 %: 0.00–0.00]). In the perioperative setting, the omission of 
adjuvant therapy was related to postoperative complications in 6,4% of 
the cases, preoperative treatment toxicity in 1.7 %, progression in 1.6 %, 
and patient decision in 2.6 %. Incomplete treatment was related to 
treatment toxicity in 13.1 % of the cases (14.2 % adjuvant; 9.6 % peri
operative), progression in 13.9 % (15.3 % adjuvant; 10.1 % periopera
tive), and patient decision in 5.3 % (6.1 % adjuvant; 2.5 % 
perioperative).

3.2. Omission of surgery and R0 resection

Considering neoadjuvant and perioperative trials, surgery was not 
performed in 16.3 % (Overall EP 0.13 [IC 95 %: 0.10–0.17]) of cases (EP 
neoadjuvant 0.11 [IC 95 %: 0.07–0.17]; EP perioperative 0.18 [IC 95 %: 
0.16–0.19], P = 0.07), while 12.3 % of the patients experienced delays 
in programmed surgery (Fig. 4a). When specified, the reasons for 
planned surgery omission were patients’ decisions in 3.5 % of the cases, 
surgeon decisions in 2.4 %, treatment toxicity in 2.6 %, and disease 
progression in 4.7 %.

An R0 resection was achieved in 91.3 % of operated patients (Overall 
EP 0.96 [IC 95 %: 0.93–0.98]) (Fig. 4b) (EP neoadjuvant 0.97 [IC 95 %: 
0.94–0.99]; EP perioperative 0.94 [IC 95 %: 0.89–0.97], P = 0.37), 
while a macroscopic incomplete resection was documented in 2.6 % of 
the cases (Overall EP 0.01 [IC 95 %: 0.01–0.02 ]) (EP neoadjuvant 0.01 
[IC 95 %: 0.00–0.03]; EP perioperative 0.01 [IC 95 %: 0.89–0.97], P =
0.56). (Fig. S2) An intraoperative death was observed in 0.1 % of the 
operated patients.

3.3. Protocol compliance

Scheduled treatment compliance (Overall EP 0.79 [95 % CI: 
0.70–0.87]) was superior in neoadjuvant protocols (EP 0.93 [95 % CI: 
0.88–0.97]) compared to perioperative protocols (EP 0.49 [95 % CI: 
0.43–0.55], P < 0.01) (Fig. 5a).

Similarly, when considering overall protocol compliance (i.e., 
scheduled treatment accomplishment and R0 resection), neoadjuvant 
protocols outperformed perioperative ones (EP 0.78 [95 % CI: 
0.70–0.85] vs. EP 0.49 [95 % CI: 0.43–0.55], P < 0.01) (Fig. 5b).

Within perioperative protocols, compliance in the preoperative 
phase was similar to neoadjuvant strategies (EP 0.77 [95 % CI: 
0.72–0.82], P = 0.94), while compliance in the postoperative phase 
mirrored that of adjuvant-only strategies (EP 0.60 [95 % CI: 0.53–0.66], 
P = 0.78).

Fig. 4. (a) Omission of surgery in neoadjuvant and perioperative setting; (b) R0 resection in neoadjuvant and perioperative setting;

F. Guerrera et al.                                                                                                                                                                                                                                Lung Cancer 209 (2025) 108760 

7 



4. Discussion

The introduction of immune checkpoint inhibitors (ICIs) has resha
ped the resectable non-small cell lung cancer (NSCLC) treatment land
scape. Landmark trials (e.g., CheckMate 816, KEYNOTE-671, AEGEAN, 
IMpower010) have demonstrated the efficacy of neoadjuvant, adjuvant, 
and perioperative immunotherapy, leading to its integration into clin
ical practice. However, adherence to immunotherapy (IO) protocols 
remains a key challenge, influenced by toxicity, logistical factors, and 
patient selection. [50–52].

Attrition to immunotherapy (IO) protocols in patients with resect
able NSCLC is globally good, but there remains significant room for 
improvement. This meta-analysis—the first to comprehensively assess 
compliance across neoadjuvant, adjuvant, and perioperative IO-based 
strategies—sheds light on the real-world applicability of these treat
ments and offers valuable insights into their critical points of failure and 
success. [53].

Our analysis highlights several significant insights and contrasts: 

1. Neoadjuvant protocols have the highest adherence, with fewer 
treatment omissions and better completion rates than other 

strategies. However, this advantage fades when overall protocol 
compliance (including surgery and resection completeness) is 
considered.

2. Postoperative therapies face significant attrition, with a substantial 
proportion of patients failing to initiate IO after surgery, particularly 
when preceded by chemotherapy. The reasons for treatment omis
sion or discontinuation are primarily attributable to postoperative 
complications and toxicity but also to patient-related factors, high
lighting areas for clinical and organizational improvement.

3. Even if perioperative protocols exhibit the lowest compliance, they 
do not intrinsically result in lower adherence when their preopera
tive and postoperative phases are analyzed separately. Similarly, 
toxicity incidence results are reasonably similar. This indicates that 
their logistical demands, more than their tolerability, account for the 
observed lower global compliance.

The preoperative setting demonstrates excellent tolerability. Nearly 
all patients initiated treatment, and incomplete cycles occurred in a 
minority of cases. Interestingly, toxicity was responsible for only 
approximately half of the incomplete treatments (6 %), with the 
remaining cases linked to less well-defined factors—potentially 

Fig. 5. (a) Scheduled treatment compliance in all study; (b) Overall protocol compliance including treatment and R0 resection in all study;
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organizational, clinical, or motivational—that are rarely addressed in 
published studies. This points to an important area for intervention: 
optimizing pathway organization and patient engagement before sur
gery. In this regard, emerging data support the integration of neo
adjuvant prehabilitation as a means to enhance patient readiness and 
maintain adherence throughout the treatment continuum. As shown by 
Schmid et al., structured prehabilitation during neoadjuvant therapy 
can mitigate functional decline, foster patient empowerment, and ulti
mately contribute to improved completion rates and surgical readiness 
in patients with locally advanced NSCLC [54].

Despite the high treatment completion rates, 16.3 % of patients did 
not undergo surgery. In nearly half of these cases, the omission was due 
to patient (3.5 %) or surgeon (2.4 %) decisions more than progression or 
toxicity. This suggests that the actual bottleneck in the neoadjuvant 
setting may be in the transition to surgery, not in the therapy itself. 
These data emphasize the need for better pre-treatment selection, shared 
decision-making, and possibly more flexible protocols that accommo
date re-evaluation after induction [55].

On a positive note, the oncological outcomes are excellent when 
surgery is performed. The weighted meta-analysis showed an R0 pro
portion rate 0.96, and intraoperative mortality was negligible. These 
results confirm that surgery after IO is not only feasible but offers a high 
likelihood of radical resection, supporting the integration of neo
adjuvant IO into standard pathways—provided the patient is appropri
ately selected.

Compliance is significantly more challenging in the postoperative 
setting. Almost 10 % of patients failed to initiate postoperative IO, and 
over a third discontinued or reduced treatment. The primary causes 
were toxicity and postoperative complications, but patient decisions 
also accounted for a non-negligible proportion of omissions. In periop
erative protocols specifically, patient refusal was responsible for 2.6 % 
of omissions and 2.5 % of incomplete treatments, while in the adjuvant- 
only setting, these figures were 6.1 % and 5.3 %, respectively. These 
results suggest that postoperative vulnerability—whether clinical, psy
chological, or logistical—is a central factor limiting compliance [56,57]. 
They also underscore the fact that perioperative regimens may benefit 
from more rigorous patient selection, especially as these patients appear 
more likely to maintain postoperative adherence compared to those 
receiving adjuvant IO alone. This is supported by our finding of a sta
tistically significant lower rate of incomplete therapies in perioperative 
vs. adjuvant protocols, possibly reflecting more selective inclusion 
criteria and better preparation in the perioperative cohort.

Besides, when analyzing adherence to medical therapy alone, as 
expected, neoadjuvant protocols showed the highest compliance, fol
lowed by adjuvant and perioperative regimens. However, this apparent 
hierarchy disappears when perioperative regimens are dissected into 
their pre- and postoperative phases. We observed that, consequently, the 
preoperative adherence of perioperative protocols aligns closely with 
neoadjuvant trials, and the postoperative adherence mirrors that of 
adjuvant-only strategies. This finding highlights a critical point: the 
lower global compliance observed in perioperative regimens is more 
likely a result of protocol complexity than inherent intolerance. It also 
suggests that perioperative IO could be delivered as reliably as the other 
strategies with adequate clinical and logistical support [58,59].

Finally, when adopting a broader definition of adherence—including 
completion of systemic therapy and achievement of R0 resection—the 
advantage of neoadjuvant protocols becomes less evident. While 
adherence to IO is excellent, the fact that a subset of patients fails to 
proceed to surgery inevitably lowers the overall compliance to the whole 
therapeutic pathway. This phenomenon underscores an important 
message: complete therapy administration is not enough if it is not fol
lowed by surgical resection, which remains the cornerstone of curative 
treatment in resectable NSCLC. Thus, optimizing pre-treatment staging, 
minimizing the delay between restaging and surgery, and improving 
patient commitment are crucial elements for real-world success. In this 
context, recent evidence highlights the growing role of multimodal 

prehabilitation in enhancing patients’ functional status and resilience 
ahead of surgery. These structured interventions have been shown to 
improve postoperative outcomes and may contribute to reducing ther
apy attrition by increasing the likelihood of patients reaching surgery in 
optimal condition [60,61].

In light of these findings, several practical strategies can be imple
mented to optimize outcomes and minimize treatment attrition. First, 
rigorous pre-treatment selection that accounts for objective measures of 
fitness, tumor biology, and patient preferences is essential to reduce the 
risk of therapy dropout or surgical omission. Moreover, the adoption of 
structured perioperative care pathways, including enhanced recovery 
after surgery (ERAS) protocols, may improve postoperative recovery, 
thereby increasing eligibility for adjuvant immunotherapy and reducing 
discontinuation due to complications. An integrated multidisciplinary 
approach should consistently guide therapeutic decisions, allowing 
teams to anticipate compliance challenges and adapt treatment pro
tocols proactively. Finally, improved communication and patient edu
cation—especially when managing complex perioperative 
regimens—can foster greater patient engagement and reduce voluntary 
discontinuation of therapy.

5. Conclusions

Compliance with treatment protocols in NSCLC remains a critical 
factor, particularly for radical surgery candidates. This study represents 
a landmark effort in synthesizing comprehensive data on compliance 
with immunotherapy protocols in resectable NSCLC. This meta-analysis 
confirms that IO-based protocols in resectable NSCLC are generally well 
tolerated and feasible. Still, their real-world application is affected by a 
combination of clinical, surgical, and patient-related factors. Neo
adjuvant strategies are associated with high treatment adherence and 
excellent surgical outcomes, yet may be limited by non-negligible 
dropout before surgery. Adjuvant and perioperative protocols face 
more significant challenges in completion, particularly postoperatively, 
due to toxicity and postoperative vulnerability. However, the low 
mortality and high R0 rates across settings are reassuring and provide a 
strong rationale to continue pursuing IO in multimodal strategies. Ul
timately, refining patient selection and streamlining treatment path
ways will be key to translating the promise of perioperative 
immunotherapy into a widespread and consistent benefit.
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[29] M. Provencio, E. Nadal, J.L. González-Larriba, A. Martínez-Martí, R. Bernabé, 
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