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Simple Summary: The treatment of resectable locally-advanced NSCLC stages is multimodal, although to date
a precise therapeutic scheme is not yet well defined. Neoadjuvant chemotherapy remains a valid choice,
although burdened by a potential risk of tumor progression during treatment and reduction of patient
compliance to surgical procedures. The objective of our study was to analyze the peri- and post-operative
outcomes of patients undergoing surgery following neoadjuvant therapy, focusing on variables such as age,
tumor regression and lymph node downstaging following systemic treatment. We observed a statistically
significant difference in patients with N2 dowstaging, although this was subsequently confirmed only in the
group of patients under 66 years of age, as well as the estimated tumor regression >50%. This study could
provide support in the careful selection of the ideal patient to undergo neoadjuvant treatment, i.e. one in whom
the response to pre-surgical systemic treatment also translates into an increase in overall survival (OS).

Abstract: The aim of the study is to evaluate the predictive factors of response to induction chemotherapy in
patients with resectable NSCLC, treated at the unit of Thoracic Surgery of Siena University Hospital with
radical surgery. From January 1, 2013 to December 31, 2020, 78 patients were recruited. We analyzed the
outcomes in terms of 5-years OS based on the Estimated Regression Rate, N2 downstaging and age; two
patients’ subgroups were created by age (Group A: age <66 years-old; Group B: age >66 years-old). No 5-year
OS difference was observed based on age, while it was observed in patients with N2 downstaging (p=0.031).
Bewtween patients with N2 downstaging, only patients in Group A had a significantly increased 5-year OS
(p=0.019), while this was not observed in Group B (p=0-321); the same result was observed with the Estimated
Regression Rate > 50% (Group A p=0.005; Group B p=0.391). The percentage of disease regression and the N2
down-staging after induction chemotherapy have great value on the survival, although this advantage seems
to be observed mostly in younger patients. A multidisciplinary oncologic discussion of clinical cases could
provide support in the careful selection of the ideal patients to undergo neoadjuvant treatment before radical
surgery.

Keywords: NSCLC; neoadjuvant therapy; overall survival; locally advanced; lymph nodal
downstaging; induction therapy; thoracic surgery; chemotherapy; resectable; multimodal; age

1. Introduction

In 2020, lung cancer was the second most diagnosed cancer in the whole world, counting 2,2
millions of new cases; in the same year it caused the major amount of deaths for tumor causes,
counting 1,8 millions of deaths[1][2]. Non-small Cell Lung cancer (NSCLC) corresponds to 85% of
lung tumors, and despite efforts to achieve appropriate lung screening, the stage at which patients
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reach diagnosis is often an advanced stage: only in 20% of cases are detected at stages I and II, while
30% are stage III and 50% stage IV[3]. Surgery is actually the primary treatment modality among
early-stage NSCLC, as well as resectable stage IIIA NSCLC[4][5]. Multiple randomized trials have
shown survival benefit with the use of adjuvant cisplatin-based chemotherapy after surgical resection
for early stage lung cancer (stage IB-IIIA) [6][7]. Patients with stage IIIA NSCLC with clinically
evident N2 have a 5-year OS of only 10-15%, although this drops to 5% in those with bulky N2
involvement. Therefore, the treatment of stages IIIA also remains controversial. Treatment with
multimodal approach of N2-NSCLC, based on the use of chemotherapy, surgery and radiotherapy,
has been shown to be related to a better Overall Survival (OS) and Disease-Free Survival (DFS) [8][9].
The real benefit of induction therapy has not been demonstrated to date[9], however its clinical use
is widely accepted, with the aim of obtaining tumor downstaging, increasing surgical resectability,
and improving DFS thanks to the supposed action on lymph nodes or distant micrometastases [10].
A meta-analysis demonstrated that in neoadjuvant treatment, the addition of radiotherapy to
chemotherapy did not increase survival, therefore since no phase III trial demonstrated a significant
survival benefit using induction chemoradiotherapy compared to chemotherapy alone, the latter is
the preferred option, due to fewer collateral effects. Nowadays, the activation of the human immune
system to fight NSCLC, by blocking inhibitory immune checkpoints, has gained attention. Several
phase III trials have confirmed the role of the immune checkpoint inhibitor (ICI) pembrolizumab, as
a standard first-line treatment for patients with locally-advanced or metastatic NSCLC
[11][12][13][14]. Especially, compared with monotherapy, chemotherapy based on ICIs plus platinum
resulted in significantly better OS and PFS regardless of PD-L1 expression [15][16][17]. The treatment
with nivolumab plus platinum-doublet chemotherapy was first added to the guidelines as
neoadjuvant systemic therapy. The preliminary efficacy of chemoimmunotherapy in NSCLC patients
is being widely discussed and has prompted research worldwide[18][19][20][21].The aim of this
retrospective study is to evaluate the predictive factors of response to induction chemotherapy, in
patients with resectable NSCLC, operated at the Department of Thoracic Surgery of the Siena
University Hospital from 1 January 2013 to 31 December 2020. Almost all the patients were discussed
in the three GOMs (Multidisciplinary Oncological Groups) of the South-East Tuscany Vast Area.

2. Materials and Methods

This retrospective study included all patients who underwent pulmonary resection surgery ,
after receiving neoadjuvant chemotherapy, between January 1, 2013 and December 31, 2020 at the
Department of Thoracic Surgery of Siena University Hospital. After review of histological
examinations and with the help of both AOUS (Azienda Ospedaliera Universitaria Senese) and
community oncology colleagues, 78 patients were included in the study.

The patients included in the study were mainly citizens of the provinces of Siena, Arezzo and
Grosseto (USL Toscana Sud-Est): 43 patients in the province of Siena, 22 patients in the province of
Arezzo, and 13 patients in the province of Grosseto. The average age of patients was 65 years old
with a median of 66 years old. As regards gender, 25 were female and 53 were male. Pre-treatment
evaluation included patient clinical history, physical examination, lung function tests, complete
blood chemistry, total body computed tomography (CT) scan with intravenous contrast material,
18F-fuorodeoxyglucose positron emission tomography integrated with computed tomography (18F-
FDG PET/CT) and bronchoscopy. Patients included in the study had diagnosis of NSCLC based on
endo-bronchial biopsy or CT-guided fine-needle aspiration; at the time of diagnosis, stages varies
beetween stage IIB-IV. Mediastinal invasive staging via endoscopic biopsy with endobronchial
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) or mediastinoscopy was
considered in patients with preoperative suspected N2 disease, defined as both mediastinal nodal
enlargement (short-axis diameter: > 1 cm) on CT and an abnormal 18F-fuorodeoxyglucose (FDG)
uptake on PET/CT. The tumors’ histological types and their immunohistochemistry are listed in Table
1. The 3 patients with stage IV disease at diagnosis were treated with stereotactic radiotherapy or
surgical removal of a single brain metastasis and subsequently underwent lung surgery. The 5
patients with stage IIIB at diagnosis had a cT4N2 disease.
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Table 1. Patients’ tumors characteristics and induction chemotherapy schemes adopted.

Histological Types

Adenocarcinomas 53
Squamocellular carcinomas 19
Undifferentiated carcinomas 6

Biomarkers

KRAS +PDL1 5
KRAS 5
PDL1 7
BRAF 3

ALK 1

No biomarker 67

Neoadjuvant chemotherapy

Platinum + Gemcitabine 53
Platinum + Pemetrexed 12
Cisplatin + Etoposide 4
Cisplatin + Pemetrexed +
. 3
Bevacizumab
Cisplatin + Vinorelbine 3
Carboplatin 1
Pemetrexed 1
Pembrolizumab 1

Following the histological diagnosis, patients underwent different induction therapy schemes:
53 patients received platinum and gemcitabine-based chemotherapy; 12 patients received platinum
and pemetrexed chemotherapy; 4 patients received chemotherapy based on Cisplatin and Etoposide;
1 received pemetrexed-based chemotherapy alone; 3 patients received chemotherapy based on
Cisplatin, Etoposide and Bevacizumab; 1 received carboplatin-only chemotherapy; 3 patients
received chemotherapy based on Cisplatin and Vinorelbine; 1 received pembrolizumab-only
chemotherapy. (Table 1)

Following induction therapy, the patients were restaged by performing a new total body CT and
PET-CT, as shown in Table 2.

Table 2. NSCLC Clinical Staging of patients before and afeter chemotheraphy (CHT) and Pathological
staging after surgery.

Pre-CHT?" stage Post-CHT stage Pathological stage
0 0 0 4
IA 0 6 17
IC 0 1 1
IIA 20 17
1B 10 23 22
IIIA 40 21 21
I11B 5 7 11
I\Y% 3 3 0

The postoperative surveillance comprised: physical examination, chest-CT scan and upper
abdominal ultrasound examination or total-body CT scan performed every three months for the first
two years after surgery, and at 6-month intervals thereafter.

We analyzed the regression rate of primary tumor based on the size reduction of the lesion, and
the regression of N2 and N1 nodal involvement, based on reduced short-axis diameter on CT and on

doi:10.20944/preprints202309.1488.v1
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the reduction or absence of abnormal 18F-fuorodeoxyglucose (FDG) uptake on PET/CT; the results
are shown in Table 3.

Table 3. Incidence of the.

Estimated Regression Rate N, (%)

<50% 46 (59,0%)
>50% 32 (41,0%)

Regression of N1 parameter
Regression 28 (35,9%)
No regression 50 (64,1%)

Regression of N2 parameter
Regression 27 (34,6%)
No Regression 51 (65,4%)

Retrospective data were analyzed with the Statistical Package for the Social Sciences (SPSS)
program for iOS by the Kaplan-Meier method, and survivals were compared by Log-rank test. We
analyzed survival on the basis of: neoplastic estimated regression rate, patient age, N2 parameter
regression after induction chemotherapy, post-chemotherapy stage, type of induction chemotherapy.

3. Results

From 1¢ January 2013 to 31st December 2020, 78 patients underwent induction chemotherapy
and subsequently were operated in the Unit of Thoracic Surgery of the Siena University Hospital,
with an average age of 65 years and a median of 66 years. Among these patients, 4 received a complete
pneumonectomy (5.1%) while the remaining 74 received a lobectomy (94.9%). Patients had an overall-
survival (OS) of 58% at 5 years.

3.1. Analysis of survival in NSCLC patients by age

Regarding the age of the patients, the 5-year OS of patients younger than 66 years old at the time
of surgery was 60.6%, while in patients aged 66 or over, the 5-year survival was 43.3%. This initial
analysis shows that patients aged less than 66 years at the time of surgery had a slightly greater 5-
year OS than patients aged 66 or older, although the difference was not significant (0.451). (Figure 1).

1,04

Survival

Patients < 66 years old
Patients > 66 years old

Figure 1. Survival chart based on patients” age.
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3.2. Analysis of survival in patients with NSCLC based on the estimated regression by histological test

We analyzed survival based on disease regression estimation according to histological
examination. From the analysis it resulted that patients who had an estimated T-regression greater
than 50% have a 65% 5-year OS; while patients who had a less than 50% estimated regression, showed
a 5-year OS of 43.3%. The difference between the two groups, although evident, did not reach
statistical significance (p=0.147). (Figure 2).

A

Survival

Patients with Estimated Regression Rate <50%
Patients with Estimated Regression Rate >50%

Figure 2. Survival chart based on Estiated Regration Rate.

3.3. Analysis of survival in patients with NSCLC based on N2 regression

We analyzed survival according to regression of the N2 parameter after chemotherapy. The 5-
year OS of patients who had a regression of N2 parameter following neoadjuvant chemotherapy was
62.6%; while the patients who did not have N2 regression following induction chemotherapy had a
5-year OS of 35.5%. The survival difference between the two groups was statistically significant
(p=0.031). (Figure 3)

0,67

Survival

Patients with N2 regression

Patients without N2 regression

Figure 3. Survival chart based on N2 parameter regression.
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3.4. Analysis of survival in patients with NSCLC based on the regression of N2: subdivision by age
subgroups

We also tried to find the association between OS and regression of the N2 parameter, dividing
the patients into two groups: a first group (A) containing patients younger than 66 years old (36
patients), and a second group (B) containing patients older than or equal to 66 years old at the time
of surgery (42 patients). The analysis shows that:

¢ In Group A, patients who had N2 downstaging after neoadjuvant chemotherapy had a 5-year
OS of 83%, while in patients who did not have a regression of the N2 parameter after induction
CT was 34.2%. The difference was statistically significant (p=0.019)

e In Group B, patients who had N2 parameter regression after neoadjuvant CT had a 5-year OS
of 46.9%; while the 5-year OS in patients who did not have a regression of the N2 parameter
after induction CT was 36% (Figure 4). The difference was not significant (p=0.321). (Figure 4).

1,0 ‘ 1,01
T
T -+ T—— it + 4 —t
0,8~ ) 0,8+
0,67 ‘ 0,61
0,4+ 0,4+
0,27 0,24
0,01 0,0+
T T T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 B84 96
Survival Survival
(a) (b)

Patients with N2 downstaging
Patients without N2 downstaging

Figure 4. Survival chart based on the regression of the N2 parameter divided by age group: under 66
years old (A) and over 66 years old (B). (a) Survival in patient of group A who had or not N2
parameter regression after neoadjuvant chemotherapy. (b) Survival in patients of group B who had
or not N2 parameter regression after neoadjuvant.

3.5. Analysis of survival in patients with NSCLC based on the estimate of histological regression: subdivision
by age groups (A: under 66 years-old; B: over 66 years-old)

Finally, we analyzed the association between survival and the estimated regression according to
histological examination, dividing the patients into the same two previous groups (A and B). The
analysis shows that:

J In Group A, patients who had an estimated regression greater than 50% had a 5-year OS of
100%; while the 5-year OS of patients who had an estimated regression of less than 50% was
37.6%. The difference was statistically significant (p=0.005);

J In Group B, patients who had an estimated regression on histology greater than 50% had a 5-
year OS of 51.9%; while the 5-year OS of patients who had an estimated histological regression
of less than 50% was 40%. The difference was not significant (p=0.391). (Figure 5)
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Figure 5. Survival chart based on regression estimate: subdivision by age group (A: under 66 years-
old; B: over 66 years-old). (a) Survival in patients younger than 66 years old who had an Estimated
Regression Rate < or >50%. (b) Survival in patients of 66 years old or older who had Estimated
Regression Rate < or >50%.

4. Discussion

Locally advanced NSCLC is a very heterogeneous disease, which includes tumors that are bulky,
or tumors that invade adjacent structures, or with lymph node metastases, without distant
metastases. The curative treatment of this stage is multimodal: several therapeutic options are now
available, although a therapeutic standard has not yet been reached. Although 5-year OS at this stage
is still poor, it has been observed that compared to surgery alone, neoadjuvant or adjuvant systemic
treatment for resectable tumors increases OS by approximately 5% at 5 years[22]. Although the
benefit of perioperative chemotherapy has been demonstrated for patients with resectable stage III
NSCLC, only a small proportion of these patients are candidates for radical surgery. In these patients,
5-year OS depends primarily on the size of the tumor and on the extent of lymph node involvement
[23][24].In the absence of prospective randomized studies comparing neoadjuvant treatment
followed by surgery with upfront surgery with adjuvant systemic treatment, to date both therapeutic
options are considered valid. In the study by Andre et al.[25] it was found that in patients with stage
IITA-N2 who underwent surgery, several factors were related to a worse prognosis, including clinical
stage cN2, multilevel lymph node involvement, pathological stage pT3 or pT4, and the absence of
induction chemotherapy. At our center all patients with disease stage greater than or equal to IIA
(T1-2N1) underwent neoadjuvant treatment. We analyzed the 5-year OS by dividing the population
by age (over or under 66 years-old), but the difference in OS was not significant between the two
groups. We subsequently evaluated the difference in OS between patients with Tumor regression >
50%, compared to those with regression <50%, and this also was found to be non-significant, as
observed in several meta-analysis. [26] Despite this, we found that the difference in 5 years-OS
between patients with regression of the N2 was significant compared to those without regression.
This result could confirm that very different tumor entities exist within locally advanced NSCLC,
with a poorer prognosis in patients with N2 lymph node disease. From these results, stage IILA-N2
appears to obtain a prognostic advantage if subjected to inductive systemic treatment if associated
with the regression of N2, and therefore it would seem mandatory to treat these patients, as those


https://doi.org/10.20944/preprints202309.1488.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 September 2023 doi:10.20944/preprints202309.1488.v1

who respond to the treatment would obtain a survival advantage. However, by grouping patients
with N2 downstaging by age, it emerged that the survival advantage was only observed in patients
under 66 years old. This can be justified by the fact that an inductive treatment causes the patient
numerous side effects, which a young patient can tolerate better than an older patient. The same
conclusion can be assumed from the result obtained by comparing the 5-year OS in patients with
estimated pathological regression > 50%, divided into the two groups by age: the advantage is
observed only in patients aged less than 66 years-old, therefore it cannot be observes an advantage
in performing neoadjuvant treatment in older patients. The importance of age observed in our
experience was also observed by the Memorial Sloan Kettering Cancer Center study [27]. In older
patients, upfront surgery would allow avoiding the potential disadvantages of induction
chemotherapy, such as toxicity, risk of progression and perioperative complications. In these patients
an adjuvant treatment following surgery may be desirable, as suggested by Lim's meta-analysis in
which no significant difference is observed between pre- and post-surgery chemotherapy[28].

In conclusion, our data confirm that induction chemotherapy remains a valid therapeutic option
in patients with locally advanced and resectable NSCLC, with 5-year survival rates around 40-
50%][29]. In our study the 5-year OS stands at 58%; compared to other studies[30], this very positive
result reflects the fact that within our sample there are also stages IIB, not just IIIA, which in fact have
a longer survival compared to more advanced stages. These survivals reflect the adequate patient
selection by multidisciplinary teams, both in the pre-induction phase and in the evaluation of the
chemotherapy response. Although excellent results of combined chemo-radiotherapy followed by
immunotherapy in locally advanced unresectable patients are described, nevertheless, as we
demonstrated with our study, a considerable proportion of resectable patients treated with induction
chemotherapy are free from disease at 5 years. Both the type of chemotherapy and intervention did
not show an impact on survival, while both the percentage of disease regression and the lymph node
down-staging of the N2 stations have great value. The association of these two parameters with age
selects a group of patients with a high expectation of healing at 5 years, although the age cut-off was
identified on the basis of the median age of the sample.

The limitations of this study are its monocentric and retrospective nature. Furthermore, patients
with different initial stages of disease were included in this study, which may create a bias in the
results. Finally, both the degree of regression and lymph node down-staging are parameters that have
postoperative prognostic value, therefore we cannot use these parameters to discern which patients
to undergo induction chemotherapy and which ones to allocate to upfront surgery.

The next objective of our study is to analyze the pre- and post-chemotherapy CT-scan and PET-
imaging in the sample in question in order to be able to search, with radiologist colleagues, for any
predictive signs of response and down-staging in order to offer surgery only to those patients who
benefit most from surgical treatment and to send patients who, although resectable, still have a worse
prognosis, to chemo-radio-immune therapy. It has in fact been observed that the reduction in 18F-
fluorodeoxyglucose uptake on PET-CT after neoadjuvant treatment is a positive prognostic factor for
long-term survival.[31][32]

5. Conclusions

The treatment of locally advanced NSCLC is multimodal; although various therapeutic schemes
are available, neoadjuvant chemotherapy followed by radical surgery can currently guarantee a
satisfactory 5-year OS. The percentage of disease regression and the lymph node down-staging of the
N2 stations have great value on the outcomes, although this advantage seems to be observed mostly
in younger patients. Great importance lies in the multidisciplinary oncologic discussion of clinical
cases, which could provide support in the careful selection of the ideal patients to undergo
neoadjuvant treatment, i.e. one in whom the response to pre-surgical systemic treatment also
translates into an increase in overall survival or advantages in terms of outcomes.
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