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Currently, lung cancer is a disease that acquired an impressive change in the clinical manangement due to the recent
inovations regarding targeted therapies and immunne check point inhibitors.
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| 1. Introduction
1.1. Epidemiology

Lung cancer (LC) is the most common neoplasm worldwide [, The World Health Organization (WHO) reported 2.1 million
new cases of LC in 2018, with the highest incidence rates in Turkey, Japan, China, the United States, and the United
Kingdom [, Specifically, in the United States, the American Cancer Society reports that LC was the malignancy with the
second-highest number of estimated new cases in 2019, both in men and women. Lung and bronchus cancer had an
estimated 228,150 new cases in the United States during 2019, divided between men (116,440 cases) and women
(111,710 cases) . The term “lung cancer” accounts for a heterogeneous set of tumors. They are divided into non-small
cell lung cancer (NSCLC) and small cell lung cancer (SCLC). Among them there are more than 50 different histological
subtypes @ NSCLC, for instance, is subcategorized into adenocarcinoma, squamous cell carcinoma, and large cell
carcinoma (2. In this review of the literature, we will focus on NSCLC, which accounts for around 85% of all LC cases 8.

1.2. Mortality

LC is the main cause of death worldwide and accounts for approximately 1.6 million deaths per year 4. In 2018, the WHO
reported 1.8 million deaths due to this malignancy. The highest LC mortality rates were seen in countries such as Turkey,
Canada, United States, United Kingdom, and Japan [2l, The American Cancer Society estimates that, in 2019, LC was the
most important cause of cancer-related deaths in American men and women. During that year, lung and bronchus cancer
had an estimated 76,650 male deaths and 66,020 female deaths, totaling 142,670 deaths in the United States. For all
stages combined, LC has a 19% five-year relative survival rate [2l. The high mortality of this malignancy is heightened by
the fact that many tumors are already advanced at the moment of diagnosis. Studies have found the presence of distant-
organ metastasis in 47.3% of patients with NSCLC at their initial cancer diagnosis, which can greatly hinder treatment (&,
Therefore, mortality is still a very important problem related to this malignancy, and novel therapies aim to reduce its rates.

1.3. Risk Factors

The main risk factor for developing LC is tobacco smoking, which is accounted for in at least 80% of cases. Continuous
smoking can increase LC risk by up to 50%, and in these cases, the association with squamous-cell LC is stronger than
other tumor subtypes . Other important environmental risk factors are passive smoking (regular passive smoking can
increase LC risk up to 30%), pollution (a European cohort found that exposure to particulate matter is associated with a
hazard ratio of 1.22 for LC), and occupational exposure to carcinogens (such as asbestos, chromium compounds, silica
and diesel fumes) 9, Furthermore, studies have shown that having a first-degree relative with a history of LC increases

a person’s risk of developing this disease by 50% and that around 8% of all LC cases occur due to genetic predisposition
[11]

1.4. Evolution in Treatment

Considerable advances have been made regarding LC treatment, which was initially restricted to cytotoxic chemotherapy
(121, chemotherapy agents block the cell cycle and therefore attack rapidly dividing cells. This traditional treatment has low
specificity, attacking normal cells as well as cancerous ones, leading to significant side effects. The recent advances in
cancer treatment consist of the development of target therapies, which are drugs that block specific molecules that are
found over-expressed or overactive in tumor cells only. These altered target molecules are a result of driver mutations in



the cancer cells, which amplify proliferation and survival pathways, leading to tumor growth. There are roughly three types
of target therapies: monoclonal antibodies, small molecule inhibitors, and immunotoxins 2314 The impact of this
evolution of LC treatment is reflected in the increase of 5-year survival rates of patients, which jumped from 10.7% in the
early 1970s to 19.8% in the 2010s 5. However, some challenges remain, such as the identification of new driver gene
alterations involved in carcinogenesis, knowledge of drug-resistance mechanisms, and recognition of response predictors
to novel therapies .

| 2. Advanced Disease: From Cytotoxic Therapy to Target Agents
2.1. Cytotoxic Therapy

Chemotherapy was the backbone of lung cancer treatment for several years. Before the chemotherapy era, the median
overall survival (OS) of metastatic lung cancer was 3.9 months with the best supportive care L&, Platinum combinations
have been playing the main role in treatment since the 80s, but the landmark study of these drugs was the meta-analysis
by the Non-Small Cell Lung Cancer Collaborative Group in 1995, which demonstrated that platinum-based chemotherapy
significantly improved OS over best supportive care (15% vs. 5% OS rate in 1 year) 4. This method of chemotherapy is
still prescribed to up to 80% of patients diagnosed with lung cancer, whether isolated or combined with radiotherapy. This
modality has been used in several different scenarios: adjuvant for patients with compromised lymph nodes, neoadjuvant
to reduce the tumor mass in advanced stages, as part of palliative systemic care in patients with metastatic disease, or in
patients who can't undergo surgery, regardless of tumor staging . Platinum-based compounds (cisplatin, carboplatin)
have been associated with third-generation cytotoxic agents. This combination is referred to as “platinum doublets” and
can have double the response rate (RR) when compared to monotherapy regimens 28, When comparing the effects of
different doublets, studies found similar response rates for paclitaxel (RR = 0.89) and gemcitabine (RR = 0.92) in the
doublets, while docetaxel had a smaller response rate (RR = 0.76) [,

During the 2000s, another player entered the game. In phase 3 JMDB trial, pemetrexed-cisplatin doublets demonstrated
clinical benefit (increase in OS of 1.7 months) on non-squamous NSCLC when compared to gemcitabine-cisplatin
doublets, supporting the concept that histology does matter in the treatment of lung cancer 2. Another phase 3 trial
demonstrated the clinical benefit of pemetrexed maintenance treatment in non-squamous NSCLC. Pemetrexed was the
only cytotoxic agent found to improve both progression-free survival and OS in maintenance therapy, and it was also the
drug that caused the least toxic adverse effects in patients 29,

FEigure 1 demonstrates the evolution of the clinical benefit of chemotherapy; as it becomes more precise, the higher is the

overall survival 22,

Figure 1. Evolution of chemotherapy treatment in non-small cell lung cancer, highlighting some landmark drugs and the
accompanying increase in median overall survival. NSCLC = non-small cell lung cancer. OS = overall survival.

2.2. Chemotherapy with Other Agents

Bevacizumab is a monoclonal antibody that binds to vascular endothelial growth factor receptor (VEGFR) in cancer cells,
blocking angiogenic pathways and therefore decreasing a tumor’s vascular permeability, which can decrease tumor
growth from 25 to 95% [, There are several trials in which the efficacy of this drug has been proved. A meta-analysis
demonstrated that the use of a platinum doublet plus bevacizumab showed significant OS benefit over platinum doublet
alone, reducing mortality by 11% [22. In the phase Il ECOG 4599 trial, bevacizumab was combined with



paclitaxel/carboplatin, leading to higher response rates and OS (12.3 months vs. 10.3 months, p = 0.003) when compared
to paclitaxel/carboplatin alone (23, Several other trials demonstrated the clinical benefit of bevacizumab, as the AVAIl trial
and the BEYOND trial 24, Despite the benefits, this agent is associated with life-threatening bleeding and is only
recommended for tumors or non-squamous histology 22, Combinations with platinum doublets have been evaluated in
the adjuvant setting but failed to prove OS benefit (28],

Ramucirumab is a human monoclonal antibody with a high affinity to the VEGFR2 extracellular domain. It can be used to
treat patients with locally advanced or metastatic NSCLC [24. This indication is supported by several studies, for instance,
the REVEAL trial, a multicenter, double-blind, randomized phase Il study that compared Ramucirumab plus Docetaxel
versus placebo plus Docetaxel as a second-line treatment of NSCLC after disease progression on platinum-based
chemotherapy. The results showed a higher median OS in the first group (10.5 months) compared to the second group
(9.1 months). Median progression-free survival (PFS) has also been proven higher in the Ramucirumab group. However,
almost all patients in both arms presented treatment-emergent adverse effects, and the common grade 3 adverse effects
in the Ramucirumab group were neutropenia, leucopenia, fatigue, and hypertension [28l,

Albumin-bound paclitaxel is a microtubule inhibitor best efficient when used to treat NSCLC, either as a single therapy or
as part of some combination 22 Albumin-bound paclitaxel, also known as nab-Paclitaxel, is a solvent-free formulation
developed over a decade ago that delivers a higher dose of Paclitaxel to solid tumors while reducing the incidence of
toxicities 39. Regarding NSCLC, a phase Il trial shows that, based on independent assessment, weekly nab-Paclitaxel
plus Carboplatin demonstrated a higher overall response rate (ORR, 33%) than solvent based-Paclitaxel plus Carboplatin
(25%). The nab-Paclitaxel arm also presented a higher median OS (12.1 vs. 11.2 months) and median PFS (6.3 vs. 5.8
months) compared to the other group (p values = 0.271 and 0.214, respectively). Nab-paclitaxel has also shown benefit
as the patients who received it presented significantly less grade 3 or higher adverse effects, such as neuropathy,
neutropenia, arthralgia, and myalgia. However, the drug demonstrated a higher incidence of thrombocytopenia and
anemia 1. Current guidelines recommend nab-paclitaxel as a first-line replacement of docetaxel or paclitaxel for those
who experience hypersensitivity reactions despite pre-medications or where pre-medications are contraindicated 22,
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