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Abstract: Non-Small Cell Lung Cancer (NSCLC) is the most common pulmonary malignancy, most frequently
diagnosed at an advanced stage (III/IV). Patients in the Locally-Advanced Stage Subgroup (IIIA) are relatively
few, yet compose of heterogenic phenotypes posing a diagnostic and treating challenge, leading to lack of
clinical guidelines regarding the optimal standard of care. Several approaches exist, with a general agreement
that a combined oncological and surgical modality approach is required. In this current retrospective
descriptive study, operable Stage IIIA NSCLC patients who underwent surgery between 2013-2020 were
evaluated on several aspects, including initial diagnosis, neoadjuvant regimens, outcomes of surgical
intervention, overall survival at 2-years and 5-years following treatment. A total of 35 patients had neoadjuvant
oncological treatment (mostly chemoradiation therapy) prior to surgery, out of which 28 patients were
diagnosed with Stage IIIA NSCLC. In post-operative assessment of pathological staging, downstaging was
reported in 20 patients, of which 7 (25%) cases were defined as complete pathological response. The 2-years
overall survival rate was 65% and the 5-years overall survival rate was 60%. The main pattern of disease
recurrence was distant metastasis.

Keywords: locally advanced stage; neoadjuvant treatment; non-small cell lung cancer; surgery; chemoradiation
therapy; immunotherapy

1. Introduction

Lung cancer today is the second most common malignancy and the leading cause of cancer death
for both sexes worldwide [1]. According to the Surveillance, Epidemiology, and End Results (SEER)
database the estimated number of new lung cancer cases for 2023 in the United States is 238,340 with
127,070 deaths [2]. In the last few years there is a trend toward increase in patients’ survival probably
due to progress in early detection and the introduction of new biological and immunological
treatments with better patient targeted therapy [3].

More than 70% of all lung cancer new cases are diagnosed in advance stage, either locally
advanced /regional (stage III) or metastatic (stage IV) [2]. Patients in metastatic stage are referred to
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definitive oncological treatment which include chemotherapy, radiotherapy and today also biological
and immunological therapy for suitable patients [4,5]. The stage of locally advanced disease is very
heterogenic and according to the 8t edition of the lung cancer staging system, it is composed of three
sub groups (IIIA, IIIB and IIIC). Subgroup IIIA includes patients with tumor up to 5 cm with
mediastinal lymph nodes involvement, patients with larger tumor size (> 5 cm) with hilum lymph
nodes involvement and patient with tumor size larger than 7 cm without lymph nodes involvement.
Subgroup IIIB includes patients with tumor up to 5 cm and contralateral lymph nodes involvement
or patients with larger tumor size (> 5 cm) and mediastinal lymph nodes involvement. Subgroup IIIC
includes patients with tumor size larger than 5 cm and contralateral lymph nodes involvement [6].

Treatment recommendations for this complex stage is debatable. According to the National
Comprehensive Cancer Network (NCCN) guidelines, patients in stage IIIA group (T1-2 N2, T3 N1,
T4 NO-1) with resectable disease should be evaluated for surgical resection after induction of systemic
oncological therapy with or without radiotherapy and with no apparent tumor progression during
neoadjuvant therapy [4]. For higher stage of locally advance disease (I1IB, IIIC with the exception of
selected T3 noninvasive N2 positive cases) the recommendation is for definitive oncological
treatment.

Several databases estimate that 20-35% of lung cancer patients are diagnosed at stage III [7]. A
recent study from Spain demonstrated, based on the thoracic tumor registry that 28.4% of lung cancer
patients presented with stage III of which 15.8% with stage IIIA, 11.6% with stage IIIB and 1%
with stage IIIC [8]. Survival data of this lung cancer stage is problematic due to the heterogenicity
of this group of patients. The SEER database analyzed 4,564 cases of unresectable stage Il lung cancer
(2009-2014) and found that the overall survival was 14.8 months with radio-chemotherapy and 13.2
months with chemotherapy. An overall 5-year survival rate of 34.5% was calculated for regional lung
cancer patients (2009-2015) [2,9]. Patients with resectable locally advanced lung cancer disease seems
to have better overall survival rates reaching as high as 27-34 months [10]. Other factors that are
associated with improved survival are young age, Caucasians race, female gender, Adenocarcinoma
subtype and good performance status [7]. Nevertheless, data of epidemiological and survival aspects
of this stage is lacking due to small cohort studies and short duration of follow-up.

This study retrospectively evaluated all aspects of Carmel medical center experience with this
complex group of patients. The work of the center's multidisciplinary committee (comprised of
specialized medical professionals e.g. lung oncologist, pulmonologist, thoracic surgeon, and
radiotherapist) and the decision making in real life are explored, including in-house and referred
cases, which don’t always align with the best recommendations for diagnostic or follow-up strategy.
The current study focus is on surgical patients who represent a very unique and small subgroup of
the heterogenic stage III lung cancer population.

2. Patients and Methods

This study retrospectively evaluated all cases of locally advanced lung cancer that were assessed
in Carmel medical center by a multidisciplinary lung cancer committee ( comprised of physicians
specializing in medical oncology, thoracic surgery, pulmonology, radiotherapy, radiology,
pathology, nuclear medicine) and were referred to surgical intervention after neoadjuvant
oncological treatment from July 2013 to September 2020. The committee evaluated in-house cases as
well as referral cases from other oncological institutions. The study was approved by the
Institutional Review Board, study No. 0118-21-CMC, 2021. Consent of patients has been waived due
to the retrospective nature of the study.

All patients had undergone Positron Emission Tomography-Computed Tomography (PET-CT)
as part of their evaluation and in 21 patients, invasive mediastinal investigation using Endobronchial
Ultrasound (EBUS) was performed as part of their clinical staging. All cases were operated in Carmel
medical center cardiothoracic surgical department.

Descriptive analyses assessing demographic and oncological data as well as treatment patterns
was retrieved from medical records files for all patients. Disease diagnosis and clinical staging was
reviewed according to the 8t edition of the TNM lung cancer staging system [6]. Neoadjuvant
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oncological treatment and post treatment evaluation was analyzed. Detailed surgical data was
examined including post-surgical pathological staging. Patient's follow-up and survival data
including overall survival, defined as the duration from surgery to death, was calculated. The
Kaplan-Meier method was used to estimate overall survival.

3. Results

3.1. The study population

From July 2013 to September 2020, thirty-five patients diagnosed with locally advanced Non-
Small Cell Lung Cancer (NSCLC) received neoadjuvant oncological treatment followed by surgical
resection in Carmel medical center (Figure 1).

neoadjuvant followed

by surgical resection
n =35

Stage IlIA Stage IlIB Stage |IB Stage IV
n=28 n=3 n=2 n=2

Squamous cell
carcinoma
n=13

Adenocarcinoma
n=15

Figure 1. The study population of locally advanced non-small cell lung cancer characterized by
clinical disease stage.

Twenty-eight patients were assessed as clinical stage IIIA. Fifteen (53.6%) of them had
adenocarcinoma and thirteen (46.4%) squamous cell carcinoma. The NCCN guidelines advocate for
surgery as part of a multimodality treatment up to stage IIIA, therefore it was decided to focus on
this group of patients.

The other seven patients include three patients assessed as clinical stage IIIB due to tumor size
over 7 cm (T4) and metastatic lymph nodes in one mediastinal station (N2). In these three specific
cases the multidisciplinary committee decided upon surgical intervention due to good response to
neoadjuvant oncological treatment and very limited mediastinal disease. The patients were found to
be without evidence of disease at follow-up from 3.5 to 7 years.

Two patients evaluated as clinical stage IIB. One patient had Pancoast tumor with chest wall
invasion to the second right rib and the other had limited small cell lung cancer. In those two
uncommon cases the multidisciplinary team support neoadjuvant oncological treatment prior to
surgical intervention. 57 months after the surgical intervention of the patient with Pancoast tumor,
no evidence of disease was detected. The patient with small cell lung cancer had spleen metastasis 6
months after anatomical lung resection (lobectomy) that was treated with radiation. 54 months from
the last intervention the patient was found to be without evidence for lung cancer recurrence.

Two patients were evaluated as clinical stage IV. Those cases were determined as oligometastatic
disease with single brain metastasis each. Overall survival in these cases was 3 months and 36 months
after surgery.
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The study cohort of lung cancer clinical stage IIIA patients included twenty-two (78.6%) male
and six (21.4%) female with an average age of 64.6 years at surgery (range 47-82 years) (Table 1).
Clinical staging was assessed according to the 8th edition of the TNM lung cancer staging system [6].

3.1.1. The T Component

Mean tumor size was 3.9 cm with a median of 3.6 cm (range 0.8-7.5 cm).

3.1.2. The N Component

In two patients no lymph node involvement was found (NO). In four patients only ipsilateral
intra-parenchymal or hilum lymph nodes involvement was found (N1). In 22 patients, mediastinal
lymph node involvement was found (N2). A more detailed analysis of the mediastinal lymph node
involvement group showed that 20 patients had only single lymph node station involvement and
only 2 patients had multiple station involvement. N1+N2 lymph node involvement was observed in
13 patients. In the other 9 patients with N2 disease no N1 involvement was detected.

Table 1. Demographic and clinical characteristics of the study participants.

Characteristic Male Female Cohort
Number of patients 1 (%) 22 (78.6) 6(21.4) 28 (100)
Age, median years (mean+SD?) 63.5 (64.5+17.5) 67.5 (59+10.5) 64.6 (64.5+17.5)
Adenocarcinoma, n 11 4 15
Squamous cell carcinoma, 1 11 2 13
Tumor size, cm! (mean) 44 25 3.9
Lymph node involvement

NO 2 0 2

N1 2 2 4

N2 18 4 22

I Abbreviation SD, standard deviation; cm, centimeters.
3.2. Treatment

3.2.1. Neoadjuvant Treatment

The neoadjuvant oncological treatment included chemotherapy with two drug combination for
all patients. The most common combination was Carboplatin and Taxol which was administered to
20 patients. Radiotherapy was given for 24 patients, 23 patients received a total dose of 60Gy and one
patient received 72Gy. In 3 patients, preoperative treatment with immunotherapy, either
Durvalumab or Pembrolizumab, was added.

All patients, but one, were evaluated using PET-CT after completion of neoadjuvant therapy.
The only patient that didn’t have a PET-CT scan had CT Angiography and invasive mediastinal
investigation using EBUS. In all cases but one, post neoadjuvant disease regression was noted, either
in tumor size or in tumor avidity. In one case the disease was stable without progression.

The median time from neoadjuvant treatment to surgery was 67.5 days (range 40-230 days).

3.2.2. Surgical Treatment

In terms of surgical approach 16 patients had video assisted thoracoscopic surgery (VATS) and
10 patients had open thoracotomy. In 2 cases the minimal invasive approach had to be converted into
an open approach due to massive adhesions in the lung hilum. One conversion was elective and the
second was necessary due to bleeding from the pulmonary artery. No other major intraoperative
incidents were noted.

25 lobectomies and 3 pneumonectomies were performed. In 2 of the lobectomies, the surgery
was extended, in one case a segmental resection of the lung from the neighboring lobe was added;
and a chest wall segment was added in the other case.
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25 patients had uneventful post-surgical course. Post-surgical complications were noted in 3
patients and included a septic shock, a broncho-pleural fistula, arterial fibrillation and lung atelectasis
requiring bronchoscopy. The 30-day mortality was nil.

3.3. Pathological Staging
The post-surgery pathological staging demonstrated one case of disease progression, eight cases of
stable disease and 19 cases of disease regression. Importantly, in 7 (25%) cases pathological

complete response was achieved. In these cases, neoadjuvant chemoradiotherapy was administered
to 6 patients and chemoimmunotherapy to one case.

Table 2. Post-surgery pathological staging of the study participants (n=28).

Pathological staging Total
Pathological Complete response, n' (%) 7 (25%)
Local disease stage I, 11 (%) 8 (29%)
Stage IA1, n 2
Stage IA2, n 4
Stage IA3, n 1
Stage IB, n 1
Local disease stage II, 1 (%) 4 (14%)
Stage IIA, n 2
Stage IIB, n 2
Locally advanced disease stage III, n (%) 8 (29%)
Stage IIA, n 8
Stage IIB, n 0
Metastatic disease stage IV, n (%) 1 (3%)

In denotes frequency, % represents percent of total.

Ten cases of mortality from any cause during the study follow-up were documented. The 2-years
overall survival rate was 67% and the 5-years overall survival rate was 62% (Figure 2).

1.0

0.8

0.6

0.4

Survival Probability

0.2 -

0.0
At Risk 28 12 7 5 0
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Follow-up (Years)
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Figure 2. Overall survival statistics for all patients. Product-limit survival estimate with number of
subjects at risk.
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Disease recurrence was documented in 10 (36%) patients out of which seven patients had distant
disease recurrence and three patients had combination of locoregional and distant recurrence.

4. Discussion

The aim of this study was to evaluate the real-life results of multi-modality treatment approach
to locally advanced lung cancer patients. Although the combination of neoadjuvant therapy followed
by surgery for stage IIIA is recommended in the NCCN guidelines for suitable patients [4] with
documented increase in survival [10] it is not the routine strategy for the majority of stage III lung
cancer patients. Literature review indicate that most patients in this stage (IIIA) will be referred to
oncological treatment only and surgery will be abandoned [9,11,12]. Clinical studies that evaluate
multi-modality treatment for locally advanced lung cancer are relatively few. The small number of
patients with stage IIIA treated with multimodality therapy including surgery is probably low due
to several reasons. Some could be patient related reasons such as low performance status, inability to
endure surgery due to medical or mental condition. Other reasons could reflect the patient’s
physician preference of oncological treatment. The necessity for a cooperative multidisciplinary team
that evaluates the patient status before and during all stages of treatment is a demanding
requirement, which is needed for this kind of patient-oriented treatment in today’s medicine. The
role of the multidisciplinary committee is especially important in light of the rapid changes and
developments taking place in lung cancer treatment these days.

The end point result of this study demonstrated relatively high overall survival in two and five
years after the combined oncological-surgical treatment concluded. This result reflects a suitable
selection of patients for this line of multimodality treatment. An early indication for this good
outcome was seen in the pathological complete response rate (25%) after surgery. This factor that is
growingly used today as a surrogate endpoint for survival is as high as seen in recently published
studies of modern chemo-immuno combination systemic therapies for operable lung cancer patients
[13].

The surgical results can attest for the feasibility of surgery after chemoradiation treatment as
reported in other studies [14,15]. The ability to perform surgery in most cases with minimal invasive
approach and low conversion rate, combined with RO pathological resection in all cases and low
complication rate, represents the important value of a dedicated oncological thoracic surgical team.
Although the present study cohort includes a small number of pneumonectomies, complications
were not encountered in this subgroup [16].

The local disease control as represented in the described disease recurrence patterns (7 cases of
distant recurrence versus 3 cases of locoregional and distant recurrence) is an indication for the
overall good local control achieved in this multimodality treatment approach.

This study has an inherent limitation due to its selection bias of patients, small sample size and
inconsistent treatment regimens which are the result of retrospective data collection of relatively
highly selective group of patients. Yet, it is important to show the good results of this combined
treatment approach for suitable patients.

5. Conclusions

It can be concluded that in this real-life small number highly selective patients’ study there is a
benefit for the combination of oncological neoadjuvant chemoradiation followed by surgery
treatment for resectable locally advanced lung cancer patients.
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