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ABSTRACT

Background. Lung cancer exhibits high global incidence and mortality rates. Surgical resection remains crucial to
diagnosis, staging, and treatment of non-small cell lung cancer (NSCLC). However, advanced stages often require multimodal
approaches. Prehabilitation, innovative perioperative techniques, and the exploration of immunotherapy hold promise for
improving outcomes.

Materials and methods. This two-phase observational cohort study included a retrospective arm (100 patients,
traditional treatment) and a prospective arm (100 patients, innovative perioperative management, and risk stratification).
Descriptive and inferential statistics were used to evaluate data, identify risk factors, and compare the 2-year survival
between treatment groups.

Results. Despite advances, lung cancer prognosis remains poor, with limited cure rates. Mean survival in the traditional
approach was 1.3 years with a 5-year survival of only 1%. While prehabilitation and innovative techniques showed
potential, no statistically significant differences in survival times were observed between the treatment groups. Patients
with stage III (Charlson score 0-4) and stage I-II (Charlson score 5-12) demonstrated comparable outcomes, highlighting
the importance of comorbidity burden.

Conclusions. Targeted screening protocols are of paramount importance for early detection and intervention. Population-
wide smoking cessation programs, environmental protection measures, and the promotion of healthy lifestyles are vital
for prevention and reducing incidence. Standard chemotherapy and radiotherapy offer limited therapeutic benefits in
advanced lung cancer. This highlights a pressing need for breakthroughs in basic research to develop novel treatment
paradigms that significantly improve outcomes. While this study did not reveal statistically significant survival differences
between traditional and innovative perioperative approaches, prehabilitation and optimization techniques hold promise
and deserve further research. The development of anti-tumor immunotherapy offers a significant potential in non-surgical
lung cancer treatment, especially given the limitations in advanced-stage disease management. Harnessing the immune
system to fight cancer represents a promising new frontier.
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ic-surgical risk aims to expand operability criteria, potentially in-
creasing life expectancy and reducing postoperative complications.
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The research hypothesis
Multimodal prehabilitation for bronchopulmonary cancer with
high anesthetic risk aims to expand surgical options and improve

survival.

The novelty added by manuscript to the already published sci-
entific literature

Innovative eligibility criteria and perioperative management, in-
cluding risk modeling and prehabilitation, expand surgical options
for high-risk lung cancer patients, significantly improving survival
outcomes.

Introduction

Lung cancer exhibits alarmingly high incidence and
mortality rates both globally and in the Republic of Moldo-
va. In 2021, an estimated 2 million cases occurred world-
wide, with 1.8 million deaths. The American Cancer Society
projects 236.740 new cases and 130.180 deaths in the US
for 2022 alone. Lung cancer tragically accounts for almost
20% of all cancer-related deaths [1-3].

Surgical intervention remains pivotal in diagnosing,
staging, and treating non-small cell lung cancer (NSCLC).
Lung resection is the gold standard approach for stage I-II
NSCLC and a vital part of multimodal treatment in stage II1A
[4]. Standard resections (lobar, bilobar, pulmonary) with
ipsilateral hilar and mediastinal lymph node revision are
common practices. For early-stage cancers, reducing mor-
bidity and mortality is the primary surgical objective [5].
In advanced stages or patients facing heightened surgical
risks, careful selection is necessary to ensure that those
most likely to benefit from surgery, potentially combined
with radiotherapy or chemotherapy, are prioritized [6, 7].

A burgeoning trend in perioperative management is pre-
habilitation (respiratory, cognitive, motor, etc.). This multi-
faceted approach aims to enhance a patient’s functional
reserve, better equipping them to withstand surgical stress
and optimize postoperative recovery. Additionally, the im-
pact of techniques like fascial plane blocks and antifibrino-
lytics on thoracic cancer surgery outcomes remains under-
studied [8, 9].

Material and methods

This investigation employed a two-phased, observation-
al cohort design: retrospective and prospective. The study
protocol received approval from the Research Ethics Com-
mittee of Nicolae Testemitanu State University of Medicine
and Pharmacy, Republic of Moldova (Protocol No. 04 of
12.11.2020). Written informed consent was obtained from
all prospectively enrolled patients.

To achieve study objectives, two patient cohorts were
established. The retrospective cohort (100 patients) was
derived from the Oncology Institute database. Patients with
lung cancer and documented high anesthetic risk were in-
cluded if they met pre-defined enrollment criteria and were
not offered surgery due to traditional contraindications.
The prospective cohort (100 patients) included patients

meeting the same enrollment criteria who underwent sur-
gery based on the newly proposed approach. This approach
incorporated prehabilitation, accelerated postoperative re-
habilitation, anterior serratus fascial plane block, intraop-
erative antifibrinolytic therapy, and risk stratification using
integrated scores (ASA, Th-RCRI, MET, Charlson).

Within the operated group, a sub-analysis was conduct-
ed to identify differences, risk factors, and predictors of
postoperative mortality. Survivors were compared to early
postoperative death. Finally, the long-term outcome (2-year
survival rate) of surgically treated patients (under extend-
ed criteria) was compared to the historical cohort receiv-
ing only chemotherapy and/or radiotherapy (traditional
approach). Descriptive and inferential statistical analyses
were performed to evaluate the collected data. The results
were subsequently utilized to develop a mathematical mod-
el for risk stratification. This model, based on identified and
quantified risk factors (parameterized), aimed to refine
surgical indications and contraindications. Additionally, it
informed the formulation of general practice recommenda-
tions.

Two patient subcategories within the high anesthet-
ic-surgical risk group emerged during analysis. These sub-
groups demonstrated comparable outcomes: (1) Stage III
lung cancer patients with a Charlson score of 0-4 points; (2)
Stage I-1I lung cancer patients with a Charlson score of 5-12
points.

G*Power v. 3.1.9.6 (Franz Faul, University of Kiel) was
used to determine the minimum sample size needed to
detect a clinically meaningful difference of at least 15% in
the two-year survival rate between groups. This calculation
yielded a target enrollment of at least 184 patients. Data
analysis was performed using GraphPad Prism software
(version 9 trial). Statistical tests were chosen based on the
specific research hypothesis, data distribution characteris-
tics, and the number of data series involved. These included:
(1) Parametric: t-Student test; (2) Non-parametric: Fisher
exact test, Spearman/Pearson correlations, Mann-Whit-
ney U test; (3) Survival Analysis: Kaplan-Meier curves with
Mantel-Cox test; (4) Modeling: Logarithmic regression,
probability calculations, multicollinearity testing.

Results are presented as mean * standard deviation
(with 95% confidence intervals where applicable) or rela-
tive frequencies. A p-value of <0.05 was considered statisti-

[9]
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cally significant, with a study power of 80%, alpha error of
5%, and beta error of 20%.

Results

Given the limited cure rates associated with lung cancer,
regardless of stage, therapeutic strategies primarily focus
on extending life expectancy. Therefore, two critical out-
come measures were used: (1) Life expectancy (in months):
Measured from the date of diagnosis; (2) Survival rates at
specific intervals: Commonly assessed at the 5-year mark.
Results from patients receiving traditional therapy (the
reference group) were analyzed using various covariates:
(1) Stage of disease at diagnosis: A critical determinant of
prognosis; (2) Charlson comorbidity index: Quantifies the
burden of comorbid conditions; (3) Concurrent lung pathol-
ogies: Examines their impact on outcomes; (4) Treatment
modalities utilized: Evaluates the effectiveness of existing
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therapies. Survival rates derived from this analysis will be
compared to established literature data to assess the per-
formance of the traditional management approach.

The frequency distribution highlights a stark reality:
40% survival at 1 year, 32.8% at 1.5 years, and only 8.2%
at 2 years. Survival rates beyond 2 years remained at 8.0%
(16 / 200 patients), with a mere 1% (2 / 200) reaching the
5-year mark. The mean survival time was 1.30+0.82 years.
These findings underscore the urgent need for treatment
innovations; even a 0.5-year increase in mean survival
would be considered significant progress. Analyzing poten-
tially modifiable factors (covariates) that influence survival
may hold the key to such improvements. Key areas of ex-
ploration include the impact of comorbidities, concurrent
lung pathologies, and the potential for optimizing existing
treatment strategies (Table 1).

Table 1. Survival time, by disease stage and burden of comorbidities, expressed by the Charlson Comorbidity Index (CCI).

Parameters Duration between ‘year of registration’ and ‘year of death’, years
Stage | Stage I1 Stage III Stage IV
n=2 /200 (1%) n=10 /200 (5%) n=51 /200 (25.5%) n=137 / 200 (68.5%)
Charlson 0 points 0.8(04-1.2) 0.9(0.7-1.1)
Charlson 1-2 points 1.3(0.6-2.1) 1.2 (0.9 -1.5) 14 (11-1.6)
Charlson 3-4 points 1.7 (-7.7 - 11.2) 2.5(-0.2-5.2) 1.2 (0.8-1.5) 1.4 (1.2-1.6)
Charlson 5< points 1.6 (0.8 - 2.3) 1.2 (0.8-1.5)

Note: Data expressed in years, mean, and 95% confidence interval (95% CI). Defaults indicate the lack of patients with the given characteristics in the study
group (certain stage versus CCI score). *- only one patient in the group with the given characteristics. “Stage IV” column - patients ineligible for surgical
treatment. Grey box - patients with lung cancer and increased anesthetic/surgical risk.

Given the disproportionate number of patients diag-
nosed with stage III and 1V disease (94%), survival analy-
sis primarily reflects outcomes for advanced stages. While
stage I and II data represent individual cases, a focus on
stages IIl and IV offers greater statistical relevance. Despite
analyzing advanced stages, no significant differences in sur-
vival emerge, with mean survival ranging from 0.8 to 1.6
years. This emphasizes the poor prognosis associated with
late-stage lung cancer and the urgent need for therapeutic
advances across all stages.

Due to the small number of stage I and II cases, survival
analysis from diagnosis to treatment initiation (radiothera-
py or chemotherapy) is primarily descriptive for these early
stages. Regarding advanced stages, neither chemothera-
py nor radiotherapy alone appears to significantly impact
survival. However, combining these modalities may yield
an average survival gain of 6-8 months as presented (Table
2). These findings suggest a potential benefit of combina-
tion therapy and highlight the need for further investigation
with larger sample sizes across all disease stages.

Table 2. Survival time, by stage of disease and by treatment (radiotherapy, chemotherapy, alone or in combination).

Treatment Duration between ‘year of registration’ and ‘year of death’, years
Stage | Stage 11 Stage III Stage IV
n=2 /200 (1%) n=10 /200 (5%) n=51 /200 (25.5%) n=137 / 200 (68.5%)
Isolated radiation therapy 2.5% 2.0* 2.0*
Isolated chemotherapy - - 0.9 (0.6 -1.2) 14 (1.1-1.6)
Radio + chemotherapy - - 1.6 (0.9 -2.3) 2.2(1.1-3.3)

Note: Data expressed in years, mean, and 95% confidence interval (95% CI). Defaults indicate lack of patients with the given characteristics in the study group
(certain stage vs. treatment). *- only one patient in the group with the given characteristics. Column “stage IV” - patients not eligible for surgical treatment.

Certain lung cancer symptoms, while nonspecific, reflect
the severity of underlying disease processes. These symp-
toms may indicate inflammation, metabolic disruptions, or
consequences of tumor growth (invasion, compression).
Advanced disease often necessitates complex compensa-

tory mechanisms, potentially reducing patient resilience.
We hypothesized that specific symptom profiles could be
associated with shorter survival times. To investigate this,
we analyzed data from the 200 lung cancer patients in our
reference group (Table 3).
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Table 3. Survival time, by stage of disease and by treatment (radiotherapy, chemotherapy, alone or in combination).

Symptom Duration between ‘year of registration’ and ‘year of death’, years
Stage | Stage II Stage III Stage IV
n=2 /200 (1%) n=10 /200 (5%) n=51 /200 (25.5%) n=137 /200 (68.5%)
Fatigue 1.7 (-7.7-11.2) 1.8 (0.7 - 2.9) 1.2(09-1.4) 1.2(1.1-1.3)
Hemoptysis 1.0% 1.1(0.4-1.8) 1.2 (0.9-1.4) 1.2(1.0-1.4)
Chest pain - 12 (-146-17.1) 1.1(0.8-1.3) 1.3(1.1-1.5)
Dry cough - 2.0 (0.9 -3.0) 1.3 (1.0-1.5) 13 (1.1-14)
Weight loss 1.7 (-7.7-11.2) 1.8 (0.7 - 2.9) 1.2 (1.0-1.4) 1.2(1.1-1.3)
Dyspnea 1.7 (-7.7-11.2) 1.9 (0.8 -3.0) 1.2 (0.9-1.4) 1.3(1.1-1.4)

Note: Data expressed in years, mean, and 95% confidence interval (95% CI). Defaults indicate lack of patients with the given characteristics in the study group
(certain stage vs. treatment). *- only one patient in the group with the given characteristics. Column “stage IV” - patients not eligible for surgical treatment.

Our analysis of symptom presentation and survival (Ta-
ble 3) revealed no statistically significant differences in sur-
vival time across various symptoms. Mean survival ranged
from 1.1 to 2.0 years, with the majority of patients surviving
1.2-1.3 years on average. These findings suggest that symp-
tom-based survival prediction in this context may be limit-
ed. This could be due to several factors: (1) Symptom Con-
currence: Patients often experience multiple concurrent
symptoms at different disease stages; (2) Tumor Hetero-
geneity: Tumor location and morphology can vary consid-
erably. Therefore, further development of symptom-based

prediction models in this specific patient population may
be less promising. However, these results do not preclude
the potential utility of symptom analysis in other contexts
or alongside other prognostic factors.

We also investigated the relationship between various
lung pathologies concurrent with lung cancer diagnosis
(pleural effusion, pneumonia, pneumofibrosis, emphysema,
spontaneous pneumothorax, hydrothorax, endobronchitis,
and atelectasis) and survival time (Table 4). Our focus was to
determine if specific associated pathologies could influence
patient outcomes and potentially guide treatment decisions.

Table 4. Survival time, by stage of disease and lung pathological conditions, associated with lung cancer.

Duration between ‘year of registration’ and ‘year of death’, years

Parameters Stage Stage II Stage III Stage IV
n=2 /200 (1%) n=10 /200 (5%) n=51 /200 (25.5%) n=137 /200 (68.5%)
Pleural effusion - - 1.1 (0.07 -1.2) 1.3(1.0-1.5)
Pneumonia - 1.2 (-1.9 - 4.4) 1.3 (0.7 - 1.9) 1.3 (0.7 - 1.9)
Pneumofibrosis 2.5% 2.3(-0.4-5.2) 1.5(0.2-2.7) 1.3(09-1.7)
Emphizema - - 3.0% 0.8(0.2-1.3)
Pneumothorax - - 1.0* 1.5(-4.8-7.8)
Hidrothorax - - - 0.7 (-2.4-3.9)
Endobronchitis - 2.0* 1.4 (0.8-1.9) 1.5(1.2-1.8)
Lung colaps - 1.0* 1.1 (0.5-1.6) 1.3(09-1.8)

Note: Data expressed in years, mean, and 95% confidence interval (95% CI). Defaults indicate lack of patients with the given characteristics in the study
group (certain stage vs. lung pathological conditions). *- only one patient in the group with the given characteristics. Column “stage IV” - patients ineligible

for surgical treatment.

Analysis revealed that most associated lung patholo-
gies manifest primarily in stage Il lung cancer, becoming
increasingly prevalent in terminal stages. While stages I-11
exhibit occasional or limited occurrences of these condi-
tions, survival times within this group show greater vari-
ability. Despite this, statistical analysis found no significant
survival differences linked to specific pathologies. Median
survival times ranged from 0.8 to 1.5 years, with a mode of
1.3 years. Our reference group comprised 200 lung cancer
patients representing diverse disease stages at diagnosis.
This group exhibited a range of comorbidities and associ-
ated lung pathologies. We conducted a multi-faceted anal-
ysis of these factors to establish comprehensive baseline
group characteristics. The prospective study arm enrolled
86 patients who underwent lung cancer surgery following
our innovative perioperative management protocol. We fo-

cused on two primary endpoints: survival time after diagno-
sis and the two-year survival rate. These illustrate potential
outcomes for patients who would have been theoretically
eligible for surgery under our protocol. For comparison,
Figure 1 also includes outcomes from a subset of our refer-
ence group meeting specific criteria: age 38-75, stage I-IlI
disease, and a Charlson Comorbidity Index (CCI) below 12.
Mantel-Cox analysis of Kaplan-Meier curves revealed
no statistically significant differences in survival times for
patients theoretically eligible for surgery under our inno-
vative approach. Within this subgroup (combining stages
[-11I), median survival was 20 months, and the two-year
survival rate was 38.2% (13/34). One patient achieved an
exceptional survival time of 41 months (~3.4 years). Strat-
ifying by disease stage, we observed a median survival of
12 months and a two-year survival rate of 35.0% (7/20) for
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stage IlI patients. The mean survival was 18.3 months, with
a range of 5 to 40 months (~0.4 - 3.3 years). For patients
with stage I-11 disease, median survival was 14 months, and
the two-year survival rate was 42.9% (3/7), with a mean
survival of 17.6 months and a range of 12 to 41 months
(~1.0 - 3.4 years).

Discussions

Rjabov A et al. demonstrated the safety and efficacy
of surgical treatment in selected lung cancer patients
over 75 years of age. Key risk factors for postoperative
complications included stage IlIb disease, lymph node
involvement, and central cancers [10]. In this study of
73 patients, lobectomy was the most common proce-
dure, with lymph node metastases noted in 32.9% of
cases. Multivariate analysis identified the following sig-
nificant risk factors: stage IIIb (OR=9.3, 95%CI=1.365-
63.816; p=0.023), pN1 (OR=3.889,95%CI=1.008-14.999;
p=0.049), pN2 (OR=5.9,95% CI=1.170-23.999; p=0.030),
and central cancer (OR=7.572, 95%CI=1.742-32.884;
p=0.007). Advances in diagnosis and treatment have sig-
nificantly improved survival rates in NSCLC, which rep-
resents 80% of lung cancer cases [11].

While immunotherapy and targeted pharmacotherapy
have significantly improved patient prognosis, the optimal
treatment for advanced NSCLC remains an active area of re-
search. Although surgery is generally not recommended for
advanced NSCLC, particularly in cases of distant metastasis,
some studies suggest potential benefits in selected patients
with stage IV disease, especially those with oligometastatic
tumors [12-15]. However, the overall benefit of surgery in
this context continues to be debated, and the best surgical
approach (local destruction, ablation therapy, sublobecto-
my, or lobectomy) requires further clarification [16].

Due to the rapid progression of lung cancer, standard-
ized mortality rates closely mirror incidence rates for both
sexes [17]. Unfortunately, over 75% of cases are diagnosed
at advanced stages (II1A-1V) [18]. While radiotherapy and
chemotherapy, alone or in combination, offer significant
improvements in long-term survival and symptom control
for patients with locally advanced or metastatic disease [19,
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Fig. 1 Kaplan-Mayer survival duration curve of
X?=1.377 patients with lung cancer (stage 1-3), excluded
p =0.5023 SCLC, without severe comorbidities

(ICC over 12 points), with an age limit of 38-75
years, from the reference group (patients treated
without surgery).

Note: X’ - for linear trends (extended Hantel-Haenszel);

p - survival analysis by Kaplan-Meier curves and log-rank
(Mantel-Cox) test

20], surgery continues to play a crucial role in the manage-
ment of advanced NSCLC.

Mounting evidence suggests potential survival ben-
efits for carefully selected patients with advanced-stage
lung cancer who undergo surgical resection. Studies have
demonstrated improved survival outcomes in specific cas-
es of stage IV NSCLC following surgery [21-23]. Notably, a
large-scale analysis by Yang et al. in the United States re-
vealed a significant 25% improvement in 5-year overall
survival for patients with cT1-2, NO-1, M1 or ¢T3, NO, M1
disease who underwent surgery compared to those receiv-
ing non-surgical treatments (chemoradiation: 5.8%, che-
motherapy: 5.9%, radiotherapy: 3.2%) [24].

Bauman JE et al. retrospectively investigated salvage
lung resection in 24 stage 11IB patients. Procedures demon-
strated technical feasibility with acceptable toxicity, even
when performed after a delay following definitive radio-
therapy. Key findings included a mean surgical duration of
5.5 hours, average blood loss of 250 ml, and a hospital stay
of 8 days. While in-hospital mortality was 4% (morbidity
58%), the median overall survival of 30 months, and an esti-
mated 3-year survival rate of 47% highlight the potential of
this approach. Though encouraging, Bauman et al. empha-
size the need for prospective validation in a well-defined
patient population to determine the true efficacy of this
strategy [25].

Sonnet ] et al. prospectively evaluated the feasibility and
safety of lung resection following induction therapy with
concurrent chemoradiation at 45 Gy. The study included
40 patients with diverse preoperative stages (IIb-1V) and a
significant proportion (13) with Pancoast tumors. Notably,
the procedure was associated with no postoperative deaths.
Importantly, pathological analysis revealed a high rate of
complete response (45%) and significant reductions in re-
sidual disease burden (82.5% with no lymph node involve-
ment). While overall and disease-free survival rates were
promising (1 and 5-year rates exceeding 46%), the authors
acknowledge the need for confirmation through larger,
multi-institutional trials [26].

While surgical intervention offers clear benefits in ear-
ly-stage NSCLC, its feasibility in stage I1I-1V disease remains
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a subject of debate [27]. Prognosis in resectable stage III
NSCLC patients undergoing surgery following neoadjuvant
therapy is strongly linked to lymph node invasion [28].
Furthermore, stage IV NSCLC typically carries a limited life
expectancy, leading to general discouragement for surgical
intervention [29, 30].

In the United States, despite a significant improvement
in the 5-year survival rate of NSCLC patients from 16.4% to
25.1% (1975-2015), nearly 55% eventually progress to ad-
vanced stages [11, 30]. While surgery offers proven benefits
in early-stage NSCLC (stages I-1I), its feasibility, and effec-
tiveness in stages III-IV remain controversial [27]. For re-
sectable stage III NSCLC, post-neoadjuvant therapy progno-
sis heavily depends on lymph node invasion [28]. Moreover,
surgical intervention is often considered unsuitable in stage
IV NSCLC due to limited life expectancy [29].

Ren ] et al. demonstrated potential palliative benefits of
surgery in stage IV NSCLC, revealing a doubling of average
survival compared to the non-surgical group. Cox regres-
sion analysis identified surgery as an independent predic-
tor of improved overall survival (0S) (HR=0.441; 95%CI:
0.426-0.456; p<0.001) and cancer-specific survival (CSS)
(HR=0.397; 95%CI: 0.380-0.414; p<0.001). Importantly, the
study suggests that lobectomy may offer survival advantag-
es over local destruction or sub-lobectomy in this patient
population (p< 0.001) [31].

Liang et al. observed a survival benefit in metastatic NS-
CLC patients who underwent prior primary tumor resec-
tion. Their model explored the hypothesis that surgical ben-
efits in stage IV disease may depend on specific patient and
tumor characteristics. Analysis of 30.342 stage IV patients
revealed that 8.03% underwent primary resection, which
was independently associated with a longer cancer-specific
median survival (CSS) compared to non-surgical manage-
ment (19 vs. 9 months, p<0.001). Importantly, 56.40% of
the surgical cohort survived beyond 9 months [13].

Prehabilitation, a recently established practice, aims
to optimize a patient’s functional capacity before surgery
and improve post-operative outcomes. This multifactori-
al approach encompasses medical optimization, exercise
training, nutritional counseling, and psychological support
to address perioperative stressors [32]. Surgical trauma,
anesthesia, and perioperative therapies (neoadjuvant treat-
ment, perfusion, ventilation) all contribute to stress along-
side factors like malnutrition and anxiety. Patient resilience
to these stressors depends on modifiable factors (comor-
bidities, smoking, physical fitness, psychological state) and
non-modifiable factors (age, gender, cancer biology). Modi-
fiable factors further interact with those related to the un-
derlying malignancy, such as cachexia, malabsorption, and
muscle wasting [32].

The efficacy of prehabilitation programs and their opti-
mal duration remain areas of ongoing investigation. Howev-
er, prehabilitation has the potential to expedite postopera-
tive recovery, enhance quality of life, and improve tolerance
to neoadjuvant therapies like chemotherapy [33]. Notably,
prehabilitation is not a novel concept in thoracic surgery,
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where pulmonary prehabilitation has been implemented
to improve functional capacity and reduce complications in
high-risk patients undergoing lung transplantation or lung
volume reduction surgery [34, 35].

In a pioneering study, Sekine et al. (2005) prospectively
investigated the impact of a pulmonary prehabilitation pro-
gram on 22 Chronic Obstructive Pulmonary Disease (COPD)
patients undergoing lobectomy (FEV1/FVC <70%, >50%)
[36]. When compared to a historical control group (n=60)
matched for selection criteria, the prehabilitation group
demonstrated a significantly lower incidence of postoper-
ative pulmonary complications and a shorter hospital stay.

Jones et al. investigated 25 lung cancer patients, demon-
strating significant improvements in VO2 max (3.3 ml/kg/
min, p=0.006) and 6-minute walk distance (49 m, p=0.013)
after training up to the day of resection [37]. These findings
are mirrored in Bobbio et al’s prospective study of 12 stage
I/11 NSCLC patients with COPD and compromised VO2 max
(=15 ml/kg/min). A 4-week pulmonary prehabilitation pro-
gram yielded an average VO2 max increase of 2.8 ml/kg/
min [38].

Tarumi et al. demonstrated the potential benefits of pul-
monary prehabilitation initiated during induction chemo-
radiotherapy for lung cancer. Their study of 82 patients
revealed significant improvements in both FVC (+6.4%,
p=0.0096) and FEV1 (+10.4%, p<0.001) following partici-
pation in the 10-week program. Importantly, the most pro-
nounced gains were observed in patients with initial respi-
ratory compromise (FVC <80% or FEV1/FVC <70%), who
showed a substantial increase in FVC (+13.9%, p=0.0025)
and FEV1 (+22.5%, p<0.0001) [39].

Benzo et al. investigated the feasibility and impact of
pulmonary prehabilitation on postoperative morbidity in
patients with moderate-severe COPD undergoing curative
lung cancer surgery [40]. Two randomized controlled tri-
als were conducted, comparing prehabilitation programs
to usual care. The initial 4-week program proved difficult
to implement due to low recruitment. A revised 1-week,
twice-daily prehabilitation program enrolled 19 patients.
While statistically significant reductions in chest drain du-
ration (mean 4.7 vs. 9.0 days, p=0.03) and prolonged drain-
age (>7 days) were observed in the prehabilitation group
(11% vs. 63%, p=0.03), the study was ultimately limited by
a small sample size and short program duration, preventing
definitive conclusions about the impact of prehabilitation
on postoperative morbidity [40].

Gao et al. (2015) investigated the effects of a preoper-
ative pulmonary prehabilitation program on high-risk pa-
tients with resectable lung cancer. In their non-randomized
study, 71 patients participated in the program (which in-
cluded abdominal breathing exercises, respiratory device
training, and lower limb resistance training) followed by lo-
bectomy. These patients were compared to a control group
of 71 patients who underwent lobectomy with conventional
management alone [41].

Boujibar et al. investigated the potential of prehabilita-
tion to improve surgical outcomes and reduce morbidity (as
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measured by the Clavien-Dindo classification) in patients
with resectable lung cancer and VO2 max <20 ml/min/kg.
Their study compared 19 patients who underwent preha-
bilitation (exercise, muscle strengthening, education, and
smoking cessation) to 19 patients who received standard
care. Prehabilitation was associated with a significant-
ly lower postoperative complication rate (42% vs. 80%,
p=0.0382), particularly in terms of less severe complica-
tions (Clavien-Dindo score <2, p=0.0252). However, no dif-
ference in hospital stay was observed between groups [42].

Licker et al. conducted a randomized controlled trial
investigating the impact of preoperative prehabilitation on
patients with operable lung cancer. A total of 151 patients
were randomized to either prehabilitation (high-intensity
interval training, 2-3 sessions/week for an average of 25
days) or usual care. Primary outcomes were post-operative
morbidity and mortality, while secondary outcomes focused
on changes in cardiopulmonary exercise and 6-minute walk
test performance. Despite significant prehabilitation-driven
improvements in VO2 max and 6-minute walk test (6MWT)
distance (+15%, p=0.003 and +15%, p<0.001 respectively),
no significant difference in overall postoperative compli-
cation rates was detected (prehabilitation 35.5% vs. usual
care 50.6%, p=0.080). However, a sub-analysis revealed a
lower incidence of pulmonary complications in the preha-
bilitation group (23% vs. 44%, p=0.018) [43].

Licker et al. demonstrated the safety and feasibility of
a short-term preoperative training program to improve
aerobic performance. However, these improvements did
not translate to a significant reduction in overall morbid-
ity-mortality compared to usual care. This finding may be
partially attributed to the study’s inclusion of all resectable
lung cancer patients without stratification by risk, poten-
tially obscuring differences in postoperative complications.
Additionally, the high proportion of open thoracotomies
(>80%), despite many patients having early-stage disease,
is a notable deviation from current practices where Vid-
eo-Assisted Thoracic Surgery (VATS) is preferred. This fac-
tor may complicate the interpretation and generalizability
of results [43].

Multimodal prehabilitation aims to optimize patients’
resilience against surgical, anesthetic, and perioperative
stressors, potentially improving long-term outcomes. While
studies have demonstrated feasibility, safety, and improved
muscle function, evidence of definitive clinical efficacy re-
mains limited. These initial encouraging results justify the
need for large-scale clinical effectiveness studies to fully es-
tablish the role and benefits of prehabilitation.

Conclusions

Our findings underscore several urgent priorities in
healthcare policy and organization. Early detection through
targeted lung cancer screening is crucial, given the late-
stage presentation of most cases (94%). Alongside this,
population-wide smoking cessation programs, environ-
mental protection measures, and promotion of healthy life-
styles are vital for prevention. Standard chemotherapy and
radiotherapy offer limited benefits in advanced lung cancer
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(stages III and 1V), highlighting a pressing need for basic re-
search breakthroughs and novel treatment paradigms.

The short average survival times from diagnosis (1.3-
1.4 years) put pressure on basic research in particular. In
addition to radio- and chemotherapy, the development of
anti-tumour immunotherapy is seen as a new line in the
non-surgical treatment of lung cancer.
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