
942

Pembrolizumab and Nivolumab in the treatment of  Non-small cell lung 
cancer (NSCLC).

Camila Lissett Velastegui Gamboa and Dayanara Lissette Yánez Arcos. DOI. 10.21931/RB/2019.04.03.12
Abstract: Lung cancer is a disease difficult to treat and with low survival rates, especially non-smaller cell lung cancer (NSCLC). 
To treat cancer in advanced stages, new methods had arisen like immunotherapy. Pembrolizumab and nivolumab are IgG4 
antibodies targeting programmed death cell receptor (PD-1) used for cancer immunotherapy, that blocks the protection that 
has cancer cells against the immune system. This antibody works binding and blocking the PD-1 membrane protein of T cells, 
which is responsible for cell recognition. If T cells cannot recognize the cells, then it would attack, so in this way, the immune 
system can be enhanced. Pembrolizumab and nivolumab have a variable region that is capable of recognizing the PD-1 receptor, 
and this plays an important role to kill cancer cells. The structure of the complex PD -1 and its ligand PD-L1 or PD-L2 reveals 
the structural basis of the PD-1.  The interaction with a human antibody has been studied with antibody fragments revealing the 
molecular basis for the blockade of PD1 / PDL1-PDL2 interaction by pembrolizumab and nivolumab. Different studies involving 
immunotherapy have shown the remarkable results of pembrolizumab and nivolumab over current chemotherapy for cancer 
treatment making available a possible way for a new treatment for lung cancer. In a comparative analysis made between those 
immune checkpoint inhibitors had found the efficacy of pembrolizumab for treatment of NSCLC.
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REVIEW / ARTÍCULO DE REVISIÓN

Introduction
Around the world, there is an increase of 18.1 million new 

cases of cancer and 9.6 million die from this disease in 2018. 
Of which, the cancers with the highest incidence are lung, 
breast, and colorectal cancer, in turn, are found among the top 
five with the highest mortality. Of these, lung cancer is found 
to have the highest mortality, with 1.8 million deaths1. In the 
United States, 1 735 350 new cases have been reported during 
2018, of which 606640 will die from this disease2. Currently, 
in the world, more than 32 million people suffer from this 
disease and will increase by 70% in the next 20 years3. The 
World Health `Organization has defined cancer as one of the 
leading causes of deaths in the world, with lung cancer having 
the highest number of deaths with 1.69 million in 20154.

In Ecuador, it constitutes a serious public health problem, 
with a 20% chance of acquiring cancer before 75 years of age5. 
Lung cancer is one of the most aggressive, being the one that 
produces the highest number of deaths per year, according to 
data from the National Registry of Tumors of the Fight Against 
Cancer Society in Ecuador (Solca), registering 384 deaths 
during 2014 and 753 deaths in 20126. The cancer mortality 
rate during 2009 and 2013 for bronchial lung cancer was 
11.1% and an incidence rate of 14.4%7.

To give a solution to the problem, new and more effective 
treatments have been developed. One of these treatments is 
immunotherapy. The food and drug administration (FAO) has 
approved several treatments for the treatment of cancer, like 
Nivolumab and Pembrolizumab for untreated metastatic non-
squamous non-small lung cancer8. The clinical trials of both 
had demonstrated an improvement in the overall response 
rate and progression-free survival9, 10. Nivolumab was the first 
PD-1 inhibitor to gain regulatory approval9. By the other side, 
Pembrolizumab was nominated for the molecule of the year 
in 2017 for its promising results in the treatment of cancer, 
as well as its versatility in the treatment of several types of 
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cancer, such as lung cancer11. This review presents the data of 
Nivolumab and Pembrolizumab in the treatment of non-small 
cell lung cancer.

Types of small cell cancer
Lung cancer is one of the most common cancers and has 

the highest mortality rate of12. At diagnosis, half of the patients 
die within one year, and the overall surviving rate in 5 years 
is approximately 17.8%13. There are two main types of lung 
cancer: small cell lung cancer (SCLC) and non-small-cell 
lung cancer (NSCLC). The first account for 15% of lung cancer 
and 25% of deaths. This type of cancer tends to metastasize 
early, so operation is not useful and rarely used as treatment. 
Chemotherapy and radiotherapy are usually used for cancer 
treatment in SCLC, although the cure is not easy to achieve14.

Non-small cell cancer is the most common type of cancer, 
accounting approximately 85 % of cancer diagnoses. This type 
of cancer is characterized by a different class of tumors15  and 
can be subdivided into three main categories squamous-cell 
carcinoma, adenocarcinoma, and large-cell carcinoma.

Squamous-cell carcinoma accounts for 25%-30% of lung 
cancer and is characterized because it arrays in the epithelial 
cell of the bronchi. Adenocarcinoma account by 40% of all lung 
cancer, being the most common. This type tends to grow in 
peripheral of the lungs and grows slowly. Large-cell carcinoma 
is detected by the default of the two other possibilities because 
it did not show clear symptoms13.

Types of treatment current used
The detection of stage cancer and the type of tumor are 

key steps at the moment to choose the treatment.  Different 
treatment includes surgery, chemotherapy, radiotherapy, 
molecular targeting, and immunotherapy (15). Patients with 
NSCLC in stage I, II, and III commonly have surgery to remove 
the tumor, although to avoid the relapse, they also have 
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chemotherapy and radiotherapy16.
Approximately 40% of patients have stage IV, and there is 

not a cure for them due to in this stage, cancer had spread 
long distances. Their first line of treatment is the combination 
of chemotherapy based with both platinum and non-platinum 
compounds17. The treatment will depend on the performance 
status (PS) that is a score that estimates the ability of the 
patient to do some activities18. PS around 0 to 1 recommend 
platinum- doublet therapy. Patients with PS 2, recommend 
only one drug which is typically not platinum19.

Radiotherapy also constitutes a type of treatment of 
patients with lung cancer. This treatment is important to avoid 
the locoregional recurrence. Because radiotherapy uses high 
energy to damage DNA in the cancer cell, it is used at specific 
sites of the body20. Addition of radiotherapy to chemotherapy 
increases the survival in 3 years approximately 5%14.

Another therapy that is improving the survival rate is the 
molecular targeting of cells, in which the target against some 
factor that helps tumors growth is avoided. The targets are 
for: epidermal growth factor receptor (EGFR) which is involved 
in cell growth and proliferation; KRAS a mutated gene present 
in NSCLC; anaplastic lymphoma kinase ALK which commonly 
is mutated in tumors; BRAF a proto-oncogene that regulates 
survival and cell proliferation13.

Finally, one of the recent therapies that are applying is 
immunotherapy in which the own immune system can kill 
tumor cells. These cells present common characteristics that 
made them be recognized by the immune system and can 
avoid being destroyed21. The edition of this mechanism made 
the cytotoxic cells able to destroy tumor cells. The problem 
with this therapy is that the immune system cannot identify 
the normal cells either, so it can also develop an autoimmune 
disease. In patients with advanced lung cancer is a matter 
of extent, their lifetime, because non-small cell lung cancer 
stage IV has no cure. This principle is the principle of work for 
pembrolizumab and nivolumab.

Immunotherapy treatment for lung cancer
Cancer cells have mutations that provide characteristic 

for being recognized like antigens, although, like cancer cells 
are cells of the body, it can also present characteristic that 
enables the immune system to attack. In the case of T cells, 
the amplitude of the response is mediated by the recognition 
of the T cell receptor (TCR). This recognition can be regulated 
by stimulatory and inhibitory signals knowing as immune 
checkpoints22.

The inhibitory immune checkpoints control the function of 
T lymphocytes avoiding the excessive immune activation, and 
they are key factors in how cancer cells evade the immune 
system. Blockage of these immune checkpoints can enhance 
the activity of the T cell against cancer cells23.

One of these immune checkpoints is the protein PD-1, that 
is like a gene encoding for a protein of the immunoglobulin 
superfamily. The expression of this gene was associated with 
dying thymocytes, so this protein was called programmed 
death receptor PD-1. After was shown that this protein is not 
involved in apoptosis and have an important role in immune 
cell tolerance; as a result, it prevents immune disease24.

Mechanism of action
The immune system evasion is the headline procedure of 

cancer cell to reduce or limit the effectiveness of antitumor 
response of the immune system by (25) causing a localized 
immune suppression through activating of a key immune 

checkpoint26. The structural information of this immune 
checkpoint protein and its complex with ligands, antibodies, 
has a potentiality ability for therapeutic designing agents 
in the immune checkpoint targeting of cancer27. Effective 
therapies given by an adequate molecular recognition of 
cancer antigens benefit the rise of the new era of treatment, 
where the individual immune system evade the suppression 
and combat against them28. For that, this next step is crucial 
in advance of bettering clinical responses in a combination of 
immunotarget therapy, and it is the focus in researches, and it 
has been investigated currently29.

The engagement of the ligand (PD-L1 or PD-L2) and its 
receptor PD-1 in T cells shows downregulation of TCR, made 
them nonresponsive for T cells24. The expression of PD-L1or 
PD-L2 is what some cancer cells do to avoid the immune 
system, to contrasts, this is necessary to blockage the 
interaction between PD-1 and these ligands30, 31.  Nivolumab 
and Pembrolizumab are a humanized monoclonal antibody of 
IgG4 that alter the engagement between PD-1. In the case of 
Nivolumab blocks the interaction with the ligands PD-L1 and 
PD-L2 and Pembrolizumab with PD-L126, 32.

Structure of nivolumab
The binding interaction between the crystal structure of 

nivolumab (PD – 1) and its binding section (PD – L1) suggest 
a competitive binding caused by steric clash to abrogating 
caused by the interaction33. The steric clash of the binding 
interaction of protein is the result of atomic overlapping caused 
by the repulsing binding of the Van der Waals34. In the case of 
nivolumab structure, the b-sheet of the interaction of PD – 1/ 
PD – L1 is dominated by N – loop. The variable loop (VL) chain 
interact on the surface overlapping the surface with PD – L133. 
As a result of this interaction, the complex PD – 1 / PD –  L1 
result of having a strong interaction due to the formation of 
new binding formation.

One fact of the interaction of nivolumab with its receptors 
(PD – L1) is the presence of glycosylation protein as an important 
role in the post-translational modification, important clue for 
any biological process, as it N- loop.  Which is independent 
of nivolumab interaction, that implies a branch of tumor cell 
studies, considering that the expression of PD – 1 in tumor 
cells also include glycan modifications. The importance of 
maintaining the protein glycosylation formed in the nivolumab 
complex is that the alteration of these patterns could result 
in an incomplete synthesis and neo – synthesis processes in 
tumor cells. On the other hand, the N – loop dominated binding 
in nivolumab indicates the flexibility if N – a loop of PD – 1, open 
new ruts of researches on PD – 1/ PD – L1 blockade antibody 
design33.

The interaction of the nivolumab with its corresponding 
receptor is shown in the type and number of receptors 
involved. In figure 1 are shown the formation of hydrogen 
bonds between nivolumab and PD – 1 in red and van der Waal 
interaction in pink, with a total of residues involved in bridge 
formation of 18 residues. In the same way, figure 1 show 
residues involved in the interaction of nivolumab and PD – 1; 
green for the heavy chain and orange for the light chain, having 
a total of 15 residues in total29.

Structure of Pembrolizumab
The crystallized structure of the immunoglobulin IG4 

pembrolizumab presents particular properties of this subclass, 
like as immune checkpoint inhibitory activity26. This ability 
allows it to inhibit the interaction among the programmed 
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Figure 1. Initial state of the immunoglobulin nivolumab. Representation of the antibodies nivolumab (PDB:4ZQK). The initial 
conformation state of the immunoglobulin shows the amino acid of the heavy and light chain.

Figure 2. Initial state of the immunoglobulin pembrolizumab. Representation of the antibodies pembrolizumab (PDB:5JXE). 
The initial conformation state of the immunoglobulin shows the amino acid of the heavy and light chain.
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death cell death protein (PD -1) and T-cell28. Nowadays the 
interaction of immune checkpoints and its complexes, like 
as ligands antibodies and small molecules is deeply study as 
targeting therapy of cancer27.

The study of molecular identification or the crystal 
structure of cancer antigens is the focus of some researches 
due to the new approach for effectives therapies. Nowadays is 
currently study the PD1 receptor in cancer immunotherapy28.

The complex interaction of PD – 1 pembrolizumab have a 
complex crystallized structure of 1.2 Å29 with an asymmetrical 
Y shape and symmetrical high regions26. The complete 
structure suggests the mechanism in which the antibody block 
interaction of PD – 1/PD – L1 is given through outcompeting; 
in other words, it’s more successful than the competitor28. 
The epitope region of the pembrolizumab with PD – 1, such 
as other type of antibodies, is conformed of discontinues 
segments. Furthermore, the binding of the complex PD – 1/
pembrolizumab produce a conformational change in the 
BC loop and the FG loop, making the binging with PD – L1 
incompatible29.

The complex interaction of the pembrolizumab with its 
corresponding PD – 1 is shown in the type and number of 
receptors involved. This interaction has more variety of bond 
formation and residues involved than nivolumab, showing 
more stability of interaction. In figure 1 are shown the bond 
formation between pembrolizumab and PD – 1 with hydrogen 
bond in red, van der Waal interaction in pink, water mediated in 
yellow and salt bridges in grey; with a total of residues involved 
in bridge formation of 33 residues. In the same way, figure 2 
show residues involve in the interaction of pembrolizumab and 
PD – 1; green for the heavy chain and orange for the light chain, 
having a total of 29 residues in total29.

Nivolumab and Pembrolizumab in lung cancer
Nivolumab and Pembrolizumab are currently being used 

in the treatment of Non-small Cell Lung cancer due to the 
great improvement that represents the use of presents in 
the treatment of cancer in comparison with other types of 
therapies. All these data are clearly shown in the clinical 
trials that had made with Nivolumab and Pembrolizumab35. 
This review analyzes the clinical trials made with nivolumab 
or pembrolizumab vs chemotherapy. In addition to that this 
review also includes an analysis of a clinical trial in which 
nivolumab and pembrolizumab were compared directly.

Nivolumab and Pembrolizumab vs. platinum-based 
therapy

How it's better than other treatment
Several medicine proposals are available for researches 

to preprocess, named checkmate for nivolumab researches 
and keynote for pembrolizumab researches, with variable re-
sults. We aimed to compare different medicine for non-small 
cell lung cancer available for nivolumab and pembrolizumab 
and compare those results with available chemotherapy treat-
ments.

The comparison results are resume in table 1. Where can 
be demonstrated that treatment with pembrolizumab (50% 
tumor cell expression) for NSCLC treatment have longer pro-
gression-free survival (PFS) and mean overlap survival (OS) 
compare with chemotherapy treatment (platinum-based).

In the other hand, not significant longer PSF and OS whe-
re show between nivolumab and chemotherapy treatment at 
5% level expression- Table 1 is of current cancer treatment for 
NSCLC; (immune checkpoint blockades vs chemotherapy) by 
comparing the results on clinical trials. 

The results of these trials clearly show that Pembrolizu-
mab is better in the treatment of NSCLC because it increases 
the survival rates, adverse effects are less, and objective res-
ponse is higher. Pembrolizumab has many benefits over che-
motherapy and can be considered to treat advanced non-small 
cell lung cancer that has over 50% of the presence of PD-L1 
in tumor cells.

Nivolumab and Pembrolizumab
The study present was an experiment with patients with 

advanced non-small cell lung cancer in stage IV, which 230  
were treated with nivolumab and 41 with pembrolizumab to 
evaluated their secondary effects and their effectiveness. The 
differences in the number of patients treated with every drug 
are due to eligibility criteria. The drugs were administrated 
according to standard doses 3mg/kg every two weeks in 
nivolumab and 2mg/kg every three weeks in the case of 
pembrolizumab. The result of this experiment is summarized 
in Table 236. 

The results showed better results for pembrolizumab than 
nivolumab, although these results are statistically limited 
due to the differences in the number of patients treated with 
each drug. In addition to that, there were some parameters to 

Table 1. Comparison based on the rate of success of different treatment. The variation on the number of patients considered 
for each study is not taken as a major influence in the general comparison of the result of the clinical trials. The histology was 
also take in count. The number of death during the experiment was not taking in count due to the influence of diverse adverse 
effects implied of the medicament that may affect or influence on the development of cancer.
 NDA = No Data Available; PFS =  Median Progression Free Surviva; OS =  Median Overall Survival.
*The median overall survival was not reached in both groups, so it was estimated the percentage of patients alive at six months.
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assign the patient to the treatment, so there exists some bias. 
There exist a wider range to patients that can be treated with 
Nivolumab than Pembrolizumab.   

Another important aspect to take in consideration these 
treatments is the cost. In the case of Nivolumab the overall 
cost is $103,22037, Pembrolizumab 160,000 and chemotherapy 
73,00038. Although a better measure is the incremental cost-
effectiveness ratio (ICER) that denotes the necessary payment 
for an additional year for these treatments. The ICER for 
nivolumab is $117,857, for chemotherapy $185,802 and for 
pembrolizumab is $98,421 (34). As we can see, pembrolizumab 
has better cost-effectiveness for NSCLC than nivolumab 
although the cost of pembrolizumab is higher.

Conclusions
Pembrolizumab and Nivolumab had shown better results 

in the treatment of non- small cell lung cancer in comparison 
with chemotherapy. This could be because both drugs improve 
the capacity of the immune system to recognize and attack 
tumor cells. Nivolumab had less adverse effects than chemo-
therapy, although the general survival did not have significant 
differences. By the other side, Pembrolizumab shows better 
results in survival and adverse effects in comparison with che-
motherapy. Pembrolizumab and Nivolumab are anti-PD-1 re-
ceptors, although there are some structural differences that in 
the clinical trial had shown better results for Pembrolizumab 
in patients with PD-L1 expression over 50%. Future research 
should include a direct comparison between both drugs with 
the same conditions and number of patients for both groups.
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