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Abstract Lung cancer remains the most commonly diag-

nosed cancer worldwide and the leading cause of cancer-

related mortality. More than 80 % of all newly diagnosed

cases of lung cancer are non-small cell lung cancer (NSCLC).

Despite recent advances, 40 % of patients still have advanced

disease at the moment of diagnosis. Clinical information,

pathological diagnosis and molecular assessment are needed

to guide the systemic therapy, whereas discussion within an

experienced team is key to adequately select the most

appropriate multidisciplinary strategies. The purpose of this

article is to provide updated recommendations for the man-

agement of these patients.
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Introduction

Lung cancer remains the leading cause of cancer-related

mortality worldwide, responsible for approximately 1.3

million deaths every year [1]. In females, incidence rates

are generally lower than men but, worldwide, lung cancer

is now the four most frequent cancer of women and the

second most common cause of death from cancer.

According to recent data, the estimated incidence in Spain

is 23,211 cases (11.8 % of all cancers), the estimated

mortality is 20,327 cases (19.5 % of all cancers) and the

5-year prevalence is 24,404 cases (4.6 %). Although

tobacco use is the most well-established risk factor and

responsible for 85 % of cases in Western countries, an

estimated 10–35 % of lung cancers worldwide occur in

never-smoker patients.

Diagnosis

Pathologic diagnosis is generally made according to the

World Health Organization (WHO) classification. The new

International Association for the Study of Lung Cancer

(IASLC)/American Thoracic Society/European Respira-

tory Society lung adenocarcinoma classification provides,

for the first time, standardized terminology for lung cancer

diagnosis in small biopsies and cytology and use of this

classification is strongly advised [2].

A limited diagnostic workup is also recommended to

preserve as much tissue as possible for further molecular

assessments. Evidence-based recommendations for

molecular testing in lung cancer have been reviewed

by SEOM-SEAP [3] (Spanish Society of Medical

Oncology–Spanish Society of Pathology) and the IASLC

(Table 1) [4].
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Staging

After the initial diagnosis, accurate staging is crucial for

determining the appropriate approach and for tailoring

therapy to each individual patient. In NSCLC patients the

following staging workup is strongly recommended [5].

• Complete history, including smoking history, comor-

bidities, family history, and physical examination.

• Standard laboratory tests, including hematology, renal

and hepatic function.

• Computerized tomography (CT) scan of the chest and

upper abdomen.

• Magnetic resonance imaging (MRI) or CT-scan of the

brain if there are neurologic symptoms

• Bone scan in the presence of bone pain, elevated serum

calcium, or elevated alkaline phosphatase levels.

• In the presence of pleural or pericardial effusions, or a

single metastatic lesion, cytological or histological

confirmation should be recommended to confirm stage

IV disease.

For patients with potentially radical treatment, the fol-

lowing recommendations should be considered:

• Whole-body FDG-positron emission tomography

(PET) CT-scan shows high accuracy to detect medias-

tinal involvement and distant metastasis, and can avoid

unnecessary thoracotomies.

• Invasive mediastinal staging [endobronchial ultra-

sound-guided fine-needle aspiration (EBUS-FNA),

endoscopic ultrasound-guided fine-needle aspiration

(EUS-FNA)] or mediastinoscopy, is recommended in

patients with PET-positive mediastinal or hilar LNs. In

patients with PET-negative LNs, invasive staging is

recommended in CT enlarged mediastinal LNs

([1.5 cm) and in patients with central tumors.

• MRI or CT-scan of the brain may be considered.

Staging system

Non-small cell lung cancer is staged according to the UICC

system (7th edition), grouped into stage categories

(Tables 2, 3) [6].

Treatment

Stage I–II

In patients with stage I–II NSCLC a multidisciplinary

evaluation by a tumor committee board is recommended to

establish the best strategy for patient management.

Surgery remains the cornerstone treatment for stage I–II

NSCLC for patients willing to accept the risks of this

procedure.

• A careful preoperative physiologic assessment will be

useful to identify those patients who are at increased

risk of post-operative complications following standard

lung cancer resection.

• In functionally fit patients with stage I–II disease,

anatomical surgical resection is recommended (lobec-

tomy with lymphadenectomy). More limited resections

(segmentectomy and wedge resection) tend to be

associated with an increased risk of local recurrence

[7]. The optimum extent of resections for small lesions

(\2 cm), adenocarcinoma in situ and minimally inva-

sive adenocarcinoma, are the subject of ongoing

investigation. Randomized trials are yet to solve the

controversial issue of node sampling versus systematic

nodal dissection [8].

• Either open thoracotomy or video-assisted thoracos-

copy (VATS) access can be used [9].

Radical radiotherapy or stereotactic radiotherapy

(SABR) can be considered in patients unfit for surgery.

• At present, the results from the use of SABR are

promising in patients with tumors not-centrally located

and with a size \5 cm who are unfit for surgery.

Prospective trials of SABR versus primary resection in

surgery-fit patients are now underway.

• There is no indication for post-operative radiotherapy

(PORT) in patients with completely resected N0 or N1

disease. Post-operative radiotherapy may be considered

after adjuvant chemotherapy in selected patients with

stage IIIAN2, although its precise contribution is yet to

Table 1 Diagnosis: summary of recommendations [3, 4]

Pathological diagnosis should be made according to the WHO

classification and IASLC classification of adenocarcinoma

Specific subtyping of all NSCLC (adenocarcinoma vs squamous)

is necessary for therapeutic implications

Limited panel of immunohistochemistry markers should be used to

reduce the NSCLC-NOS diagnosis

A limited diagnostic workup is also recommended to preserve as

much tissue as possible for further molecular assessments

Testing for EGFR mutations and ALK translocations are

recommended in all patients with advanced-stage non-squamous

histology, regardless of clinical characteristics

Primary tumor or metastatic lesions are equally suitable for

molecular testing

IASLC International Association for the Study of Lung Cancer, WHO

World Health Organization, NSCLC non-small-cell lung cancer,

NSCLC-NOS NSCLC not otherwise specified, EGFR epidermal

growth factor receptor, EML4-ALK translocation: echinoderm

microtubule-associated protein-like 4 (EML4) gene is fused to the

anaplastic lymphoma kinase (ALK) gene
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be defined. Post-operative radiotherapy may be indi-

cated after incomplete surgery.

Nearly half of those patients who undergo surgical

resection for early-stage NSCLC will later develop recur-

rent disease. The efficacy of adjuvant chemotherapy after

surgical resection in early-stage is now well established

[10, 11]. Adjuvant cisplatin-based chemotherapy is recom-

mended in completely resected fit patients with stage II–III

NSCLC. Most studies to date have used a two-drug combi-

nation with cisplatin. Efficacy of adjuvant chemotherapy in

stage IB remains controversial, and adjuvant chemotherapy is

not currently recommended in stage IA disease.

Therefore, the recommendations for adjuvant chemo-

therapy according to pathologic stage in early-stage

NSCLC are as follows:

• Adjuvant chemotherapy is not recommended in stage

IA disease.

• Four cycles of adjuvant cisplatin-based chemotherapy

(a doublet combination) is recommended in completely

resected fit patients with pathologic stage II–III.

• Cisplatin-based chemotherapy may be considered in

selected patients with stage IB disease.

In tumor-tissue specimens from resected patients,

numerous molecular markers have been examined to

address whether they may play a role in deciding which

patients would be best treated with adjuvant chemo-

therapy and which drugs should be used. None of the

markers analyzed to date, including immunohistochem-

istry staining for Excision Repair Cross Complementa-

tion Group 1 (ERCC1) have been prospectively validated

in large cohorts and they should, therefore, not guide the

indication for adjuvant therapy nor the choice of therapy

[12].

Targeted agents should, at present, not be used in the

adjuvant setting [13].

Table 2 TNM classification 7a edition

Primary tumor (T)

TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings but not

visualized by imaging or bronchoscopy

T0 No evidence of primary tumor Tis carcinoma in situ

T1 Tumor 3 cm or less in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more

proximal than the lobar bronchus (for example, not in the main bronchus) 1

T1a Tumor 2 cm or less in greatest dimension

T1b Tumor more than 2 cm but 3 cm or less in greatest dimension

T2 Tumor more than 3 cm but 7 cm or less or tumor with any of the following features (T2 tumors with these features are classified T2a if

5 cm or less): involves main bronchus, 2 cm or more distal to the carina; invades visceral pleura (PL1 or PL2); associated with

atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung

T2a Tumor [3 cm but 5 cm or less in greatest dimension

T2b Tumor [5 cm but 7 cm or less in greatest dimension

T3 Tumor [7 cm or one that directly invades any of the following: parietal pleural (PL3), chest wall (including superior sulcus tumors),

diaphragm, phrenic nerve, mediastinal pleura, parietal pericardium; or tumor in the main bronchus \2 cm distal to the carina 1 but

without involvement of the carina; or associated atelectasis or obstructive pneumonitis of the entire lung or separate tumor nodule(s) in

the same lobe

T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, esophagus,

vertebral body, carina, separate tumor nodule(s) in a different ipsilateral lobe

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastases

N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including involvement by direct

extension

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s)

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

M1a Separate tumor nodule(s) in a contralateral lobe, tumor with pleural nodules or malignant pleural (or pericardial) effusion

M1b Distant metastasis (in extrathoracic organs)

Modified from Goldstraw [6]
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Stage III treatment

Stage III NSCLC treatment remains a very complex and

controversial area due to the heterogeneity of different

clinical, pathological and prognosis conditions, with pre-

sentations that range from apparently resectable tumors, to

unresectable bulky ipsilateral multistation or contralateral

nodal disease. Given the fact that definitive treatment

recommendations may be difficult to make in this setting,

patients must be referred to an expert multidisciplinary

team for evaluation before any definitive treatment is

decided (Fig. 1).

Due to this substantial heterogeneity, stage III NSCLC

has been classified into six subsets (Table 4).

Stage IIIAN2

• For those incidental N2 metastases found on final

pathology examination of the resection specimen,

adjuvant chemotherapy should be given. PORT in pN2

patients has been shown to result in no clear difference

in overall survival, but a small reduction in local

recurrence. This issue is currently being prospectively

studied in the LUNG-ART trial.

• In those N2 (single station) metastases recognized

intraoperatively, considered as technically resectable,

primary lung resection as well as mediastinal lymphad-

enectomy must be completed, followed by adjuvant

chemotherapy ?/- PORT

• Those non-bulky N2 patients (defining bulky as lymph

nodes [2 cm in short-axis diameter, as measured by

CT, groupings of multiple smaller lymph nodes, or

involvement of [2 lymph node stations) can benefit

from multimodality approach including surgery. Sev-

eral small and early phase III trials have shown a

significant improvement in survival for those patients

treated with induction chemotherapy followed by

surgery vs surgery alone. However, no standard induc-

tion chemotherapy regimen has emerged, and there is

considerable variability in preferred regimens in routine

practice. Two phase III trials completed in Europe and

North America, addressing the potential benefit of

adding surgery in the context of induction regimen (QT,

QT/RT). Although in both trials surgery did not

improve the outcome compared to thoracic radiother-

apy, it may have a role in specific subsets of patients

with clinically proven stage IIIA-N2 (downstaging,

lobectomy) [14, 15].

• The final subgroup of those bulky N2 disease are not

candidates for surgery, and they are treated with the

same combined proposals as stage IIIB

Stage IIIB

• In PS 0–1 patients with stage IIIB or stage IIIA–N2

subset 4, several meta-analyses and phase III trials

have showed that adding sequential or concomitant

chemotherapy to radiotherapy alone improved survival

[16].

• In patients with good performance status and without

significant weight loss, concurrent chemoradiotherapy

at systemic doses is superior to sequential radiochemo-

therapy, but at the cost of manageable increased acute

esophageal toxicity [17].

• The addition of systemic chemotherapy to concurrent

chemoradiotherapy, either as induction or as a consol-

idation has failed to improve survival rates compared to

concurrent chemoradiotherapy [18, 19].

Table 3 Staging grouping

Occult carcinoma TX N0 MO

Stage 0 Tis N0 M0

Stage IA T1a, b N0 M0

Stage IB T2a N0 M0

Stage IIA T1a, b N1 M0

T2a N1

T2b N0

Stage IIB T2b N1

T3 N0

Stage IIIA T1, T2 N2

T3 N1, N2

T4 N0, N1

Stage IIIb T4 N2

Any T N3

Stage IV Any T Any N M1a, b

Modified from Goldstraw [6]

Fig. 1 Treatment algorithm for stage III
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• Cisplatin-based schedules are preferred. The most

commonly used drugs together with cisplatin are

etoposide (at full systemic dose) and vinorelbine (at

reduced dose).

Stage IV

• Two-drug, platinum-based chemotherapy combined

with docetaxel, gemcitabine, paclitaxel, pemetrexed or

vinorelbine prolongs survival, improves quality of life

and controls symptoms in patients with good perfor-

mance status. Non-platinum combination chemother-

apy can be considered in patients who are not fit to

receive platinum agents [20] (Figs. 2, 3).

• Several meta-analyses have showed higher RRs for

cisplatin combinations when compared with carbo-

platin combinations. The overall survival (OS) was

significantly superior for cisplatin in the subgroup of

non-squamous tumors and in patients treated with third-

generation regimens [21]

• Timing and duration of palliative first-line treatment

Chemotherapy should be initiated while the patient is in

good performance status. Treatment should be stopped

after no more than four cycles in patients not respond-

ing to therapy; in responding patients no more than six

cycles are recommended.

• The addition of bevacizumab to chemotherapy can be

indicated in performance status 0–1 patients with non-

squamous histology, except for patients with clinically

significant haemoptysis, therapeutic anticoagulation or

medically uncontrolled hypertension [22].

• There is evidence of superior efficacy and reduced

toxicity for cisplatin/pemetrexed in patients with non-

squamous histology, in comparison to cisplatin/gem-

citabine [23].

• In two recent studies, maintenance therapy with

pemetrexed (in patients with non-squamous histology

who did not progress after 4 cycles of a platinum-based

doublet with or without pemetrexed) [24, 25] or

erlotinib (in patients with any histology who achieved

stable disease after 4 cycles of a platinum-based

doublet) [26] increased survival.

• Therefore, platinum-based chemotherapy is the pre-

ferred option for elderly patients with PS 0–1 and

Fig. 2 Treatment algorithm for stage IV first-line therapy. *Criteria

for treatment with bevacizumab ? chemotherapy: non-squamous

NSCLC, no clinically significant hemoptysis, no therapeutic antico-

agulation and no medically uncontrolled hypertension. �There is

evidence of superior efficacy and reduced toxicity for cisplatin/

pemetrexed in patients with non-squamous histology, in comparison

to cisplatin/gemcitabine [23]. �In two recent studies, maintenance

therapy with pemetrexed (only in non-squamous histology) [24, 25]

or erlotinib [26] increased survival in patients who has not progressed

after 4 cycles of a platinum-based doublet

Table 4 Subtyping of stage III disease

Subset Definition

IIIA0 T3 N1 or T4 N0–1 without N2 involvement

IIIA1 Incidental nodal metastases found on final pathology

examination of the resection specimen

IIIA2 Nodal (single station) metastases recognized intraoperatively

IIIA3 Nodal metastases (single or multiple station) recognized by

prethoracotomy staging (mediastinoscopy, other nodal

biopsy, or PET scan)

IIIA4 Bulky or fixed multistation N2 disease

IIIB Nodal metastasis in N3 lymph nodes

Adapted from Andre et al. [39]
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adequate organ function [27], while a single-agent

approach might remain the recommended treatment of

elderly unfit or comorbid patients, who are more likely

to present with more treatment-related adverse events.

• In patients with performance status of 2, single-agent

chemotherapy represents an option. Platinum-based

combinations may be also considered as an alternative

[28].

• Second-line systemic treatment with docetaxel, erloti-

nib or pemetrexed (only in non-squamous histology)

improves disease-related symptoms and survival.

• Treatment with erlotinib may be recommended as third-

line therapy for patients with performance status of 0–3

who have not received prior erlotinib or gefitinib [29].

• Poor PS (PS 3–4) patients should be offered best

supportive care in the absence of tumors with activating

(sensitizing) EGFR mutations.

• Resection of single metastases can be considered in

selected cases.

Epidermal growth factor receptor (EGFR) mutations occur

in about 10 % of NSCLC cancers from Western population

[30]. Anaplastic lymphoma kinase (ALK) rearrangements

are present in approximately 2–7 % of advanced NSCLC

[31].

Epidermal growth factor receptor mutations are more

common in females and never-smokers with adenocarci-

noma tumor histology; however, a significant proportion of

patients with these clinical characteristics do not harbor an

EGFR mutation.

Patients with ALK rearrangements are also more fre-

quent in non-smoker patients.

• The use of diagnostic molecular studies, specifically for

EGFR-activating mutations and ALK rearrangements

as part of routine pathologic evaluation of lung cancer

[4]

• EGFR mutation/ALK rearrangement testing should be

ordered at the time of diagnosis for patients presenting

with advanced-stage disease who are suitable for

therapy or at time of recurrence or progression in

patients who originally presented with lower-stage

disease, but were not previously tested

• In patients with known EGFR-sensitive mutations and

stage IV NSCLC, first-line therapy with an EGFR

tyrosine kinase inhibitor (erlotinib or gefitinib) is

recommended based on superior response rates, pro-

gression-free survival and toxicity profiles compared

with platinum-based doublets [32–36].

Crizotinib is a dual ALK and Met inhibitor under study

in patients with advanced NSCLC expressing the EML4-

ALK fusion gene [37].

In a recent study crizotinib, as compared with chemo-

therapy, prolonged progression-free survival, increased

response rates, and improved the quality of life in patients

with advanced, previously treated ALK-positive tumors

[37].

• Patients with NSCLC harboring an ALK rearrangement

should be considered for crizotinib, during the course of

their disease [38].

Follow-up

After curative-intent therapy

• In patients who have undergone curative-intent surgical

resection, it is suggested that chest CT be performed

every 6 months for the first 2 years after resection and

every year thereafter (Grade 2C)

• For patients who have undergone curative-intent

therapy, routine surveillance with PET imaging,

abdominal ultrasonography or biomarker testing is not

recommended

After advanced disease

• The optimal approach to post-treatment management of

patients with NSCLC, including the role of radiological

Fig. 3 Treatment algorithm for

Stage IV: second and third-line

therapy. *Patients with a

performance status of 3 were

included in the National Cancer

Institute of Canada-Clinical

Trials Group (NCIC-CTG) trial

BR.21. Erlotinib may be

considered for PS 3 patients.
�Only for patients harboring

activating EGFR mutations.
§Only for patients harboring

ALK rearrangement
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evaluation, is controversial, with very limited literature

available.

• Owing to the aggressive nature of this disease, gener-

ally close follow-up, at least every 6 weeks after the

first-line therapy, is advised but should also depend on

individual re-treatment options.

• Given the clear benefits of second-line therapy in

patients who presented an initial response to first-line

chemotherapy and maintained a good PS, radiological

follow-up should be considered every 6–12 weeks to

allow for an early initiation of second-line therapy.

Conflict of interest The authors declare that they have no conflict

of interest relating to the publication of this manuscript.
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