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Abstract 
Lung cancer remains the leading cause of cancer deaths. Non-small cell lung cancer (NSCLC) is the most frequent subtype of lung 
cancer. Surgery, radiation, chemotherapy, immunotherapy, or molecularly targeted therapy is used to treat NSCLC. Nevertheless, 
many patients who accept surgery likely develop distant metastases or local recurrence. In recent years, targeted treatments 
and immunotherapy have achieved improvement at a breakneck pace. Therapy must be customized for each patient based on 
the specific medical condition, as well as other variables. It is critical to have an accurate NSCLC sub-classification for tailored 
treatment, according to the latest World Health Organization standards.

Abbreviations: ALK = anaplastic lymphoma kinase, CT = computed tomography, EGFR = epidermal growth factor receptor, 
NSCLC = non-small cell lung cancer, PFS = progression-free survival, WHO = World Health Organization.
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1. Introduction
Lung cancer represents the leading cause of cancer-related 
deaths. The globally increasing tobacco use accounts for a rise 
in lung cancer mortality all over the world, notably in Asia, as 
predicted by the World Health Organization (WHO).

2. Factors
Several environmental and behavioral factors have been cor-
related with the development of lung cancer. Smoking leads to 
85 to 90% of all lung cancer cases.[1] Apart from tobacco smok-
ing, second-hand smoke and family history as well as carcino-
genic chemicals and heavy metals, such as radon gas, asbestos, 
arsenic, chromium, beryllium, and nickel, also highly increases 
the risk of lung cancer.[2,3] In addition, pulmonary fibrosis, HIV 
infection, and alcohol use are also responsible for the carcino-
genesis of lung cancer.[4,5]

3. Classification
Lung cancer is classified into 2 main types: non-small cell 
lung cancer (NSCLC, 85% of patients) and SCLC (15% of 
patients).

The 3 main types of NSCLC categorized by the WHO are: 
adenocarcinoma (40%), squamous cell carcinoma (25–30%), 
and large cell carcinoma (5–10%).[6,7]

There are also several combinations and variants of clinical 
subtypes.

4. Diagnosis
Often, NSCLC is not detected until this disease has developed 
into an advanced state.[8,9] Cough is the most prevalent symp-
tom, occurring in 50 to 75% of patients, followed by hemopty-
sis, dyspepsia, and achy chest.[9]

Positron emission tomography and computed tomography 
(CT) provide a more accurate classification of N-stage diagno-
sis.[10,11] As validated by the examination of a secondary goal 
from another randomized research, each positive node on posi-
tron emission tomography-CT has to be sampled.[12]

CT and magnetic resonance imaging scans are frequently 
applied to image the brains of individuals who undergo 
curative treatments or exhibit signs/symptoms of brain 
metastases.[13]

It is also vital to collect adequate tissue material, according 
to the International Association for the Study of Lung Cancer, 
the American Thoracic Society, and the European Respiratory 
Society’s new lung cancer classification.[14] The possibility of 
identifying mutations and tailored therapy has ramifications for 
all suspected lung tumors during the first examination.

Currently, positive predictive value (2.4–7.5%) is the best 
technique to predict hemoptysis, one of the major symptoms of 
lung cancer.[15] The eighth edition of the staging system offers 
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prognostic analysis of each tumor node metastasis descriptor to 
establish a more exact categorization.[16]

A liquid biopsy is also utilized to detect cancer biomarkers 
such as circulating tumor DNA, microRNA, and circulating 
tumor cells. In the Noninvasive versus Invasive Lung Evaluation 
trial of 282 patients with untreated NSCLC, circulating tumor 
DNA testing, as a less intrusive approach, is applied, increasing 
biomarker discovery rates by 48% compared to tissue analysis 
alone.[17]

5. Treatment
Surgery, radiation, chemotherapy, immunotherapy, or molecu-
larly targeted therapy is used to treat NSCLC. Depending on 
the patient’s general health and disease stage, medically stable 
patients with stages I, II, and IIIA of NSCLC (usually when 
N2 lymph node disease is discovered during surgery) need to 
accept curative surgical excision. After 5 years, adjuvant plati-
num-based chemotherapy is suggested for patients in stages II to 
IIIA, in spite of great concerns about the high rates of recurrence 
and toxicity.[18] Moreover, chemotherapy and immunotherapy 
are used to treat NSCLC patients at stage III.[16] Molecularly 
targeted therapy is offered to improve survival in patients with 
NSCLC.[19] In recent years, targeted treatments and immuno-
therapy have achieved significant improvements at a breakneck 
pace.

6. Surgery
Surgical resection is offered to remove the tumor from the 
lung and metastatic lymph nodes. The tumor must be removed 
from the border or margin of surrounding healthy lung tissues. 
When no malignancy is detected in the healthy tissue around the 
tumor, a “negative margin” is signified.

NSCLC is treated surgically in several ways, including lobec-
tomy (the surgical removal of a lobe of the lungs), a wedge 
resection (the surgical removal of the tumor combined with the 
preservation of healthy lung tissue when the whole lung lobe is 
unable to be removed), segmentectomy (another approach when 
a full lung lobe cannot be removed and often applied for lung 
tissues and lymph nodes than a resection of a wedge), and pneu-
monectomy (the removal of the whole lung if the tumor is near 
the heart). The risk of a pneumonectomy is higher than that of 
a lobectomy.[20–22]

Nevertheless, many patients who undergo surgery are likely 
to develop distant metastases or local recurrence,[23] so they need 
to take adjuvant therapy, such as radiation therapy, chemother-
apy, and targeted therapy. After surgery, patients with Stage IIA, 
IIB, and IIIA NSCLC usually receive chemotherapy to kill any 
remaining cancer cells.[24]

7. Radiation therapy
High-energy beams used in radiotherapy could break DNA in 
cancer cells, consequently killing cancer cells. This treatment 
can inhibit tumor progression or eliminate tumors in specific 
parts of the human body. For NSCLC patients who are insen-
sitive to surgery or chemotherapy, radiotherapy can be used as 
part of the palliative treatment to improve their quality of life.[25]

Patients who have possibly resectable tumors but are not 
eligible for surgery, or patients at inoperable Stage I who have 
sufficient pulmonary reserve, may be candidates for curative 
radiation therapy.[26,27]

Stereotactic body radiation therapy is used for early-stage 
NSCLC patients who only have a single small nodule in the lung 
without any metastases. According to some studies, stereotactic 
body radiation therapy has a lower cost, offers greater conve-
nience for patients, and leads to better 2-year overall survival 
rates.[28–30]

8. Chemotherapy
Chemotherapy is a kind of medication that destroys cancer cells 
by inhibiting growth, division, and proliferation of tumor cells. 
It has been proven to prolong the life span and improve the life 
quality of patients with lung cancer at any stage.

The first-line treatment for Stage IV NSCLC is cytotoxic che-
motherapy, which is influenced by histology, age, comorbidities, 
and performance status.[31]

Large-scale French research compared surgery combined 
with preoperative chemotherapy (mitomycin, ifosfamide, and 
cisplatin) to surgery alone, finding no benefit with neoadjuvant 
therapy. However, a subset analysis demonstrated that preoper-
ative chemotherapy has a survival benefit for patients with N0 
and N1 disease but not N2 disease.[32]

As reported, chemotherapy or epidermal growth factor receptor 
(EGFR) kinase inhibitors improve the median survival of patients 
with advanced cancer, but the overall survival remains poor.[33,34]

9. Targeted therapy
Tumor genes, proteins, or the tissue environment that promote 
tumor development and survival are the focus of targeted ther-
apy. This treatment slows the development and spread of can-
cer cells, but will not adversely affect healthy cells. Targets for 
malignancies are not the same.[35] In order to choose the most 
effective therapeutic target, patients will accept tests to identify 
the genes, proteins, and other factors in tumors. In certain types 
of lung cancer, aberrant proteins are discovered in abnormally 
high concentrations inside cancer cells. Additionally, research 
investigations continue to uncover novel information regard-
ing particular biological targets and novel therapy methods.

EGFR inhibitors.

In the US, around 10% to 15% of all lung cancer patients 
test positive for the EGFR mutation, and Asian patients have a 
higher EGFR mutation frequency (51.4% overall) in tumors.[36,37] 
Researchers discovered that drugs that inhibit the EGFR path-
way may be helpful to prevent or restrain the growth of lung 
cancer cells with EGFR mutation. A number of EGFR inhibi-
tors have been approved by the United States Food and Drug 
Administration (FDA), including afatinib (GILOTRIF), entrec-
tinib (ROZLYTREK), erlotinib (TAREVA), gefitinib (IRESSA), 
and osimmertinib (TAGRISSO).

New data showed that patients who were treated with osim-
ertinib have higher progression-free survival (PFS) compared to 
those who accepted first-line treatment (gefitinib or erlotinib), 
so osimertinib was elevated to first-line therapy for EGFR-
mutant NSCLC.[38] The treatment of EGFR-mutant NSCLC has 
changed dramatically in the past few years.[39]

Anaplastic lymphoma kinase (ALK) inhibitors and ROS1 
fusion.

ALK plays a promoting role in cancer cell proliferation. ALK 
translocation is observed in around 5% of NSCLC patients.[40] 
ROS1 fusions or ROS1 mutations are very rare and may impair 
cell development and differentiation. ROS1 fusions are observed 
in 1 to 2% of NSCLC patients.[41]

Drugs that target ALK and ROS1 mutations: alectinib 
(ALECENSA), brigatinib (ALUNBRIG), ceritinib (ZYKADIA), 
lorlatinib (LORBRENA), crizotinib (XALKORI), and entrec-
tinib (ROZLYTREK).[40,42–45]

Drugs targeting KRAS G12C mutations.

KRAS G12C is found to be the main genetic mutation in 
NSCLC patients. About 20 to 25% of lung cancer patients 
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have a KRAS mutation. Sotorasib (LUMAKRAS) is the only 
approved drug for KRAS G12C mutations.

Drugs targeting NTRK fusion.

NTRK fusion is a kind of genetic mutation that could be seen 
in a wide range of tumors. Such mutation could promote can-
cer cell growth. Lung cancer patients are far less likely to have 
NTRK fusion (<1 %).

Larotrectinib, an FDA-approved oral tropomyosin receptor 
tyrosine kinase inhibitor, is applicable to treat patients with 
advanced malignancies that have NTRK fusion without an 
acquired resistance mutation and who have no other treatment 
choices.[46,47]

Drugs targeting BRAF V600E mutations.

Two percent of NSCLC patients have BRAF mutations, with 
the BRAF V600 mutation accounting for half of these cases. 
In a phase 2 study, vemurafenib, an oral small-molecule TKI, 
achieved a response rate of 42% and a median PFS of 7.3 
months. The FDA has authorized dabrafenib and trametinib for 
patients with BRAF V600E mutations whose cancer has pro-
gressed during chemotherapy.[48–50]

Drugs targeting MET exon 14 skipping.

The loss of MET exon 14 and enhanced MET signaling are 
caused by splicing site disruptions in the MET proto-oncogene. 
Tumor development, survival, invasion, and metastasis are all 
affected by these MET mutations, which are found in around 
3 to 4% of NSCLC patients.[51] Drugs approved to treat MET 
exon 14 skipping include capmatinib (TABRECTA) and tepo-
tinib (TEPMETKO).[52]

Drugs targeting RET fusion.

Up to 2% of all NSCLC patients have RET fusion. Pralsetinib 
(GAVRETO) and selpercatinib (RETEVMO) are 2 drugs autho-
rized to treat NSCLC patients with RET fusion.[53]

Drugs targeting vascular endothelial growth factor.

Angiogenesis therapy hampers the process of blood vessel 
formation. As tumors need nutrients carried by blood vessels 
to develop and spread, anti-angiogenesis medicines seek to 
“starve” the tumor of nutrition. The following anti-angiogenic 
agents may be used in the treatment of lung cancer: bevaci-
zumab in combination with chemotherapy, and other agents tar-
geting vascular endothelial growth factors such as ramucirumab 
combined with docetaxel.[54,55]

10. Immunotherapy
Immunotherapy or biological treatment is used to boost the 
inherent anti-cancer defense in human bodies. It utilizes natural 
or synthetic compounds to enhance, target, or restore immune 
system function. Recent advances in cancer treatment focus 
on developing drugs that target the immune system’s interac-
tion with tumors. Immunotherapy could take effect regardless 
of mutation status in cancer cells and has fewer side effects. 
Clinical studies have indicated benefits from therapies targeting 
PD-1, CTLA4, and PD-L1.[55]

Immunotherapy for NSCLC patients might be a single immu-
notherapy drug, a combination of immunotherapy drugs, or 
immunotherapy combined with chemotherapy. Immunotherapy 
alone, or in combination with chemotherapy, is widely used to 
treat advanced NSCLC that is resistant to targeted treatment.

In the CheckMate 017 and 057 investigations, the PD-1 
inhibitor nivolumab showed significant anticancer effectiveness 
in the extensively pretreated metastatic situation.[56] An updated 
survival analysis found nivolumab continued to demonstrate a 
survival benefit versus docetaxel, exhibiting a 5-fold increase in 
overall survival rate, with no new safety signals,[56–59] for which 
the FDA authorized nivolumab for treating patients with meta-
static NSCLC (both squamous and nonsquamous histologies).

Drugs that block the PD-1 pathway.

The PD-1 pathway may be critical to the immune system’s 
capacity to inhibit tumor progression. Anti-PD-1 and anti-
PD-L1 antibodies have been shown to slow or halt the progres-
sion of NSCLC. Three immunotherapy medicines for NSCLC 
have been authorized by the FDA, including atezolizumab 
(TECENTRIQ), nivolumab (OPDIVO), and pembrolizumab 
(KEYTRUDA).

Nivolumab is regularly used as a second-line treatment for 
patients with metastatic NSCLC who get worse during or after 
platinum-based chemotherapy since it is linked with better sur-
vival and lower toxicity than docetaxel.[57–59]

Expedited approval of the immunotherapy drug pembroli-
zumab has been granted for NSCLC patients whose tumors 
express PD-L1 (>50% staining as verified by an FDA-approved 
test) at the advanced stage or with unresectable tumors.[60]

Drugs that block the CTLA-4 pathway.

The CTLA-4 pathway is another immune signaling pathway 
that could be targeted. The FDA has authorized one medicine that 
inhibits NSCLC progression: ipilimumab (YERVOY). Ipilimumab 
in combination with PD-1 pathway inhibitor nivolumab may be 
used as part of a chemotherapy regimen.[61] This therapy has a 
lower risk of major side effects than chemotherapy, despite the 
fact that different types of immunotherapy might cause different 
sorts of side effects. Side effects such as skin reactions and flu-like 
symptoms are possible with immunotherapy. Shortness of breath 
and weight fluctuations may also occur.[62]

11. Conclusions
Depending on different stages, varied treatment options are 
offered to NSCLC patients. Therapy must be customized for 
each patient based on specific medical condition and other 
variables.

Combining immunotherapy with targeted therapy brings 
innovation to the treatment of patients with NSCLC. Regardless 
of whether immunotherapy is administered alone or in conjunc-
tion with chemotherapy, it has become the standard first-line 
treatment.

Currently, the overall PFS rate for lung cancer patients 
remains poor, in spite of great breakthroughs in targeted ther-
apy and immunotherapy. According to the latest WHO stan-
dards, it is critical to have an accurate NSCLC sub-classification 
for tailored treatment.

Acknowledgments
Sincere thanks for all support.

Author contributions
Conceptualization: Yaser Alduais.
Methodology: Haijun Zhang.
Project administration: Yaser Alduais.
Resources: Baoan Chen.
Validation: Jing Chen.



4

Alduais et al. • Medicine (2023) 102:8 Medicine

Visualization: Jing Chen.
Writing – original draft: Yaser Alduais, Fan Fan, Jing Chen, 

Baoan Chen.
Writing – review & editing: Yaser Alduais, Fan Fan, Jing Chen, 

Baoan Chen.

References
 [1] Ellis PA, Smith IE, Hardy JR, et al. Symptom relief with MVP (mitomy-

cin C, vinblastine and cisplatin) chemotherapy in advanced non-small-
cell lung cancer. Br J Cancer. 1995;71:366–70.

 [2] Bleehen NM, Girling DJ, Machin D, et al. A randomised trial of three 
or six courses of etoposide cyclophosphamide methotrexate and vin-
cristine or six courses of etoposide and ifosfamide in small cell lung 
cancer (SCLC). II: quality of life. Medical research council lung cancer 
working party. Br J Cancer. 1993;68:1157–66.

 [3] Couraud S, Zalcman G, Milleron B, et al. Lung cancer in never smok-
ers--a review. Eur J Cancer. 2012;48:1299–311.

 [4] Hubbard R, Venn A, Lewis S, et al. Lung cancer and cryptogenic fibros-
ing alveolitis. A population-based cohort study. Am J Respir Crit Care 
Med. 2000;161:5–8.

 [5] Kirk GD, Merlo C, P OD, et al. HIV infection is associated with an 
increased risk for lung cancer, independent of smoking. Clin Infect Dis. 
2007;45:103–10.

 [6] Travis WD, Brambilla E, Nicholson AG, et al. The 2015 World Health 
Organization Classification of Lung Tumors: impact of genetic, clinical 
and radiologic advances since the 2004 classification. J Thorac Oncol. 
2015;10:1243–60.

 [7] Travis WD, Brambilla E, Burke AP, et al. Introduction to the 2015 
world health organization classification of tumors of the lung, pleura, 
thymus, and heart. J Thorac Oncol. 2015;10:1240–2.

 [8] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J 
Clin. 2018;68:7–30.

 [9] Kocher F, Hilbe W, Seeber A, et al. Longitudinal analysis of 2293 
NSCLC patients: a comprehensive study from the TYROL registry. 
Lung Cancer. 2015;87:193–200.

 [10] Fischer BM, Mortensen J, Hansen H, et al. Multimodality approach to 
mediastinal staging in non-small cell lung cancer. Faults and benefits of 
PET-CT: a randomised trial. Thorax. 2011;66:294–300.

 [11] Saettele TM, Ost DE. Multimodality systematic approach to medias-
tinal lymph node staging in non-small cell lung cancer. Respirology. 
2014;19:800–8.

 [12] Darling GE, Maziak DE, Inculet RI, et al. Positron emission tomog-
raphy-computed tomography compared with invasive mediastinal 
staging in non-small cell lung cancer: results of mediastinal staging in 
the early lung positron emission tomography trial. J Thorac Oncol. 
2011;6:1367–72.

 [13] Hudson Z, Internullo E, Edey A, et al. Brain imaging before primary 
lung cancer resection: a controversial topic. Ecancermedicalscience. 
2017;11:749.

 [14] Travis WD, Rekhtman N, Riley GJ, et al. Pathologic diagnosis of 
advanced lung cancer based on small biopsies and cytology: a paradigm 
shift. J Thorac Oncol. 2010;5:411–4.

 [15] Shim J, Brindle L, Simon M, et al. A systematic review of symptomatic 
diagnosis of lung cancer. Fam Pract. 2014;31:137–48.

 [16] Tokunaga H, Shimada M, Ishikawa M, et al. TNM classification of 
gynaecological malignant tumours, eighth edition: changes between the 
seventh and eighth editions. Jpn J Clin Oncol. 2019;49:311–20.

 [17] Leighl NB, Page RD, Raymond VM, et al. Clinical utility of compre-
hensive cell-free DNA analysis to identify genomic biomarkers in 
patients with newly diagnosed metastatic non-small cell lung cancer. 
Clin Cancer Res. 2019;25:4691–700.

 [18] Pignon JP, Tribodet H, Scagliotti GV, et al. Lung adjuvant cisplatin eval-
uation: a pooled analysis by the LACE Collaborative Group. J Clin 
Oncol. 2008;26:3552–9.

 [19] Riely GJ, Marks J, Pao W. KRAS mutations in non-small cell lung can-
cer. Proc Am Thorac Soc. 2009;6:201–5.

 [20] Ginsberg RJ, Rubinstein LV. Randomized trial of lobectomy ver-
sus limited resection for T1 N0 non-small cell lung cancer. Lung 
Cancer Study Group. Ann Thorac Surg. 1995;60:615–22; discussion 
622-613.

 [21] Kodama K, Higashiyama M, Okami J, et al. Oncologic outcomes of 
segmentectomy versus lobectomy for clinical T1a N0 M0 non-small 
cell lung cancer. Ann Thorac Surg. 2016;101:504–11.

 [22] Kodama K, Doi O, Higashiyama M, et al. Intentional limited resection 
for selected patients with T1 N0 M0 non-small-cell lung cancer: a sin-
gle-institution study. J Thorac Cardiovasc Surg. 1997;114:347–53.

 [23] van Boxem AJ, Westerga J, Venmans BJ, et al. Photodynamic therapy, 
Nd-YAG laser and electrocautery for treating early-stage intraluminal 
cancer: which to choose? Lung Cancer. 2001;31:31–6.

 [24] Chemotherapy in non-small cell lung cancer: a meta-analysis using 
updated data on individual patients from 52 randomised clini-
cal trials. Non-small Cell Lung Cancer Collaborative Group. BMJ. 
1995;311:899–909.

 [25] Amini A, Yeh N, Gaspar LE, et al. Stereotactic body radiation therapy 
(SBRT) for lung cancer patients previously treated with conventional 
radiotherapy: a review. Radiat Oncol. 2014;9:210.

 [26] McGarry RC, Song G, des Rosiers P, et al. Observation-only manage-
ment of early stage, medically inoperable lung cancer: poor outcome. 
Chest. 2002;121:1155–8.

 [27] Lanni TB Jr., Grills IS, Kestin LL, et al. Stereotactic radiotherapy reduces 
treatment cost while improving overall survival and local control over 
standard fractionated radiation therapy for medically inoperable non-
small-cell lung cancer. Am J Clin Oncol. 2011;34:494–8.

 [28] Grutters JP, Kessels AG, Pijls-Johannesma M, et al. Comparison of the 
effectiveness of radiotherapy with photons, protons and carbon-ions 
for non-small cell lung cancer: a meta-analysis. Radiother Oncol. 
2010;95:32–40.

 [29] Baumann P, Nyman J, Hoyer M, et al. Outcome in a prospective 
phase II trial of medically inoperable stage I non-small-cell lung can-
cer patients treated with stereotactic body radiotherapy. J Clin Oncol. 
2009;27:3290–6.

 [30] Timmerman R, Paulus R, Galvin J, et al. Stereotactic body radiation ther-
apy for inoperable early stage lung cancer. JAMA. 2010;303:1070–6.

 [31] Ramalingam S, Belani C. Systemic chemotherapy for advanced 
non-small cell lung cancer: recent advances and future directions. 
Oncologist. 2008;13(Suppl 1):5–13.

 [32] Depierre A, Milleron B, Moro-Sibilot D, et al. Preoperative chemother-
apy followed by surgery compared with primary surgery in resectable 
stage I (except T1N0), II, and IIIa non-small-cell lung cancer. J Clin 
Oncol. 2002;20:247–53.

 [33] Spiro SG, Rudd RM, Souhami RL, et al. Chemotherapy versus sup-
portive care in advanced non-small cell lung cancer: improved survival 
without detriment to quality of life. Thorax. 2004;59:828–36.

 [34] Clegg A, Scott DA, Hewitson P, et al. Clinical and cost effectiveness 
of paclitaxel, docetaxel, gemcitabine, and vinorelbine in non-small cell 
lung cancer: a systematic review. Thorax. 2002;57:20–8.

 [35] Pao W, Girard N. New driver mutations in non-small-cell lung cancer. 
Lancet Oncol. 2011;12:175–80.

 [36] Shi Y, Au JS, Thongprasert S, et al. A prospective, molecular epide-
miology study of EGFR mutations in Asian patients with advanced 
non-small-cell lung cancer of adenocarcinoma histology (PIONEER). 
J Thorac Oncol. 2014;9:154–62.

 [37] Kawaguchi T, Koh Y, Ando M, et al. Prospective analysis of oncogenic 
driver mutations and environmental factors: Japan molecular epidemi-
ology for lung cancer study. J Clin Oncol. 2016;34:2247–57.

 [38] Soria JC, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated 
EGFR-mutated advanced non-small-cell lung cancer. N Engl J Med. 
2018;378:113–25.

 [39] Economopoulou P, Mountzios G. The emerging treatment landscape of 
advanced non-small cell lung cancer. Ann Transl Med. 2018;6:138.

 [40] Kwak EL, Bang YJ, Camidge DR, et al. Anaplastic lymphoma 
kinase inhibition in non-small-cell lung cancer. N Engl J Med. 
2010;363:1693–703.

 [41] Katayama R, Kobayashi Y, Friboulet L, et al. Cabozantinib overcomes 
crizotinib resistance in ROS1 fusion-positive cancer. Clin Cancer Res. 
2015;21:166–74.

 [42] Hida T, Nokihara H, Kondo M, et al. Alectinib versus crizotinib in 
patients with ALK-positive non-small-cell lung cancer (J-ALEX): an 
open-label, randomised phase 3 trial. Lancet. 2017;390:29–39.

 [43] Soria JC, Tan DSW, Chiari R, et al. First-line ceritinib versus plati-
num-based chemotherapy in advanced ALK-rearranged non-small-cell 
lung cancer (ASCEND-4): a randomised, open-label, phase 3 study. 
Lancet. 2017;389:917–29.

 [44] Lin JJ, Riely GJ, Shaw AT. Targeting ALK: precision medicine takes on 
drug resistance. Cancer Discov. 2017;7:137–55.

 [45] Baglivo S, Ricciuti B, Ludovini V, et al. Dramatic response to lorla-
tinib in a heavily pretreated lung adenocarcinoma patient harboring 
G1202R mutation and a synchronous novel R1192P ALK point muta-
tion. J Thorac Oncol. 2018;13:e145–7.

 [46] Govindan R, Ding L, Griffith M, et al. Genomic landscape of non-small 
cell lung cancer in smokers and never-smokers. Cell. 2012;150:1121–34.

 [47] Drilon A, Laetsch TW, Kummar S, et al. Efficacy of larotrectinib in 
TRK fusion-positive cancers in adults and children. N Engl J Med. 
2018;378:731–9.



5

Alduais et al. • Medicine (2023) 102:8 www.md-journal.com

 [48] Kinno T, Tsuta K, Shiraishi K, et al. Clinicopathological features of 
nonsmall cell lung carcinomas with BRAF mutations. Ann Oncol. 
2014;25:138–42.

 [49] Hyman DM, Puzanov I, Subbiah V, et al. Vemurafenib in multiple 
nonmelanoma cancers with BRAF V600 mutations. N Engl J Med. 
2015;373:726–36.

 [50] Planchard D, Besse B, Groen HJM, et al. Dabrafenib plus trametinib in 
patients with previously treated BRAF(V600E)-mutant metastatic non-
small cell lung cancer: an open-label, multicentre phase 2 trial. Lancet 
Oncol. 2016;17:984–93.

 [51] Awad MM, Oxnard GR, Jackman DM, et al. MET Exon 14 mutations 
in non-small-cell lung cancer are associated with advanced age and 
stage-dependent MET genomic amplification and c-Met overexpres-
sion. J Clin Oncol. 2016;34:721–30.

 [52] Paik PK, Felip E, Veillon R, et al. Tepotinib in non-small-cell lung 
cancer with MET Exon 14 skipping mutations. N Engl J Med. 
2020;383:931–43.

 [53] Drilon A, Hu ZI, Lai GGY, et al. Targeting RET-driven cancers: lessons 
from evolving preclinical and clinical landscapes. Nat Rev Clin Oncol. 
2018;15:151–67.

 [54] Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin alone 
or with bevacizumab for non-small-cell lung cancer. N Engl J Med. 
2006;355:2542–50.

 [55] Garon EB, Ciuleanu TE, Arrieta O, et al. Ramucirumab plus docetaxel 
versus placebo plus docetaxel for second-line treatment of stage IV 
non-small-cell lung cancer after disease progression on platinum-based 
therapy (REVEL): a multicentre, double-blind, randomised phase 3 
trial. Lancet. 2014;384:665–73.

 [56] Horn L, Spigel DR, Vokes EE, et al. Nivolumab versus docetaxel in 
previously treated patients with advanced non-small-cell lung can-
cer: two-year outcomes from two randomized, open-label, phase 
III trials (CheckMate 017 and CheckMate 057). J Clin Oncol. 
2017;35:3924–33.

 [57] Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus docetaxel 
in advanced squamous-cell non-small-cell lung cancer. N Engl J Med. 
2015;373:123–35.

 [58] Vokes EE, Ready N, Felip E, et al. Nivolumab versus docetaxel in pre-
viously treated advanced non-small-cell lung cancer (CheckMate 017 
and CheckMate 057): 3-year update and outcomes in patients with 
liver metastases. Ann Oncol. 2018;29:959–65.

 [59] Borghaei H, Gettinger S, Vokes EE, et al. Five-year outcomes from the 
randomized, phase III trials CheckMate 017 and 057: nivolumab ver-
sus docetaxel in previously treated non-small-cell lung cancer. J Clin 
Oncol. 2021;39:723–33.

 [60] Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel 
for previously treated, PD-L1-positive, advanced non-small-cell lung 
cancer (KEYNOTE-010): a randomised controlled trial. Lancet. 
2016;387:1540–50.

 [61] Hellmann MD, Rizvi NA, Goldman JW, et al. Nivolumab plus ipilim-
umab as first-line treatment for advanced non-small-cell lung cancer 
(CheckMate 012): results of an open-label, phase 1, multicohort study. 
Lancet Oncol. 2017;18:31–41.

 [62] Brahmer JR, Lacchetti C, Thompson JA. Management of immune-re-
lated adverse events in patients treated with immune checkpoint inhib-
itor therapy: American Society of Clinical Oncology Clinical Practice 
Guideline Summary. J Oncol Pract. 2018;14:247–9.


