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Abstract

In spite of recent developments in cancer therapy that are specifically targeted, a frightening

number of individuals still pass away every year from lung cancer around the world. Because of

this, we decided to focus our research on non-small cell lung cancer. As a consequence of the

high degree of heterogeneity that characterizes lung carcinoma, the unsatisfied clinical need is

the determination of a suitable combination of medications. The requirement for the validation of

efficacy endpoint methods in clinical trials, which are methods by which the effectiveness of

cancer medicines is determined, is one possible cause of the problem that was described above.

We intend to help investigators design clinical trials by establishing two predictive efficacy

models, and we plan to optimize the combination treatment for certain lung malignancies by

examining a substantial amount of clinical trial efficacy data. This will allow us to do both.

Keywords: Efficacy endpoint, Clinical trial, Treatment size.
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Chapter 1

Introduction

Cancer which is a morbidity where some of the body’s cells grow uncontrollably and go beyond

the usual boundaries to invade adjoining parts of the body and or spread to other organs. It can

start in almost any organ or tissue of the body as it is a extensive group of diseases. Generally, in

cell division human cells grow and redouble and form new cells as the body needs them. Cells

die when they grow old or become damaged then new cells replace them. In cancer, this

methodical process is disrupted, and unusual or damaged cells grow and redouble when they

should not. Unlike normal cells, cancer cells ignore signals to stop dividing, or to die and be shed.

Unable to discern its own natural border as it grows uncontrollably. Globally cancer is the

second leading cause of death. About 9.6 million deaths or one in six deaths recorded four years

back. Less than 7% of people with lung cancer in all stages survive 10 years after diagnosis,

making it the most prevalent cause of cancer-related death globally.

There are multiple types of cancer lung, stomach, prostate, breast, cervical, colorectal, thyroid,

and liver cancer. Among them lung, prostate, colorectal, stomach, and liver cancer are the most

common types of cancer in men, and breast, colorectal, lung, cervical, and thyroid cancer are the

most common in women. Above all cancers, lung cancer is the leading cause of death. .Lung

cancer is a type of cancer that evidence in the lungs cell lining. The lung cancer also spread in

the bronchi and parts of the lung such as the bronchioles or alveoli. Lung cancer has been

divided in two main forms. The first one is non-small cell lung cancer (NSCLC) and the second

one is small cell lung cancer (SCLC). The three main subtypes of NSCLC are: adenocarcinoma,

squamous cell carcinoma, and large cell carcinoma. About 80% to 85% of cases of lung cancers

are NSCLC. The main focus in 1983 was small-cell lung cancer (SCLC), with expectations that

it would develop into a condition that was largely treatable. In the first year, there were eight

publications on lung cancer published, five of which dealt with SCLC and three with NSCLC. In

2011, 40 original articles and editorials were published, but only seven of them discussed SCLC

(Schiller et al., 2013).
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Lung cancer is most often caused by smoking cigarettes. Lung cancer can also be caused by

using other kinds of tobacco, like pipes or cigars which more than 7000 harmful chemicals in

tobacco smoke and also breathing in secondhand smoke, being exposed to asbestos or radon at

home or at work, or inheriting a family history of lung cancer. Since 76% of people who

develop lung cancer smoke, it seems sense that tobacco-related malignancies account for 27.1%

of all cancer case (Marolia et al., 2022). In western countries, non-small-cell lung cancer

(NSCLC) currently accounts for more than 85% of lung cancer cases, with 20–30% of these

cases occurring in people who have never smoked (Forde & Ettinger, 2013).

The most typical signs of lung cancer are loss of appetite, unexplained weight loss, shortness of

breath and feeling tired or weak. Surgery, chemotherapy, targeted therapy, radiation therapy, or a

combination of these therapies may be used to treat NSCLC patients. But for SCLC patients the

most used therapy is Chemotherapy and radiation therapy.

Approximately 1 in 10 persons with the disorder live at least 10 years following their diagnosis,

while roughly 2 out of 5 people with the syndrome survive at least a year. Men have an 18% 5-

year survival rate. Women have a 25% 5-year survival rate. NSCLC has a 26% 5-year survival

rate compared to a 7% 5-year survival rate for small cell lung cancer. At each step, there are

several size and spread configurations that can be classified as falling to that subcategory. For

instance, the primary tumor in a cancer that is in stage III may be smaller than the original tumor

in a cancer that is in stage II yet, due to other causes, the disease is at a more advanced stage. The

following is a standard staging system for lung cancer. Stage 0 (in-situ) Cancer is found in the

top lining of the bronchus or the lungs at this stage, which is referred to as stage 0 (in-situ).

There has been no evidence that it has spread to other areas of the lung or anywhere else outside

of the lung. Despite resection, more than 50% of patients with so-called early stage or surgical

disease non small-cell lung cancer will pass away from their condition (Vallières, 2003).

Stage I is the first stage, cancer has not gone beyond the lung. Stage II cancer has progressed to

stage II if it has grown significantly since stage I, if it has spread to lymph nodes inside the lung,

or if there are numerous tumors in the same lobe of the lung. Stage III cancer has progressed to

stage III when it has reached an advanced stage since stage II, it has spread to lymph nodes or

structures in the area, or there are many tumors in separate lobes of the same lung. Stage IV
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cancer has traveled to distant organs or the other lung, the fluid that surrounds the lung, or both.

Stage IV cancer has also spread to the fluid that surrounds the heart. NSCLC treatment choices

are determined primarily by the stage of the disease. There are also other aspects like person's

general health and how lung is functioning. If a smoker undergoes for treatment, first

requirement is to quit smoking. Smoking cigarettes is by far the biggest risk factor for lung

cancer; in the US, smoking causes 82% of lung cancer fatalities. In accordance with a number of

studies, those who give up smoking after being diagnosed they have lung cancer have a

significantly improved survival compared to those who do not. Small cell lung cancer (SCLC)

spreads more aggressively and is more difficult to cure than non-small cell lung cancer (NSCLC).

Specific kinds of SCLC include small cell carcinoma which sometimes termed as cell

carcinoma and combination small cell carcinoma.

Treatments such as photo dynamic therapy, internal radiation or laser therapy may be substitute

to surgery for some types of cancer that have not yet progressed to stage 0. These therapies ought

to cure the patient if cancer is actually at stage 0 at this point. There is no requirement for

chemotherapy or radiation therapy. If the diagnosed person is in good enough condition to

undergo surgical intervention, they will most likely be a candidate for treatment by

segmentectomy or wedge resection which is removal of part of the lobe of the lung. The stage I

NSCLC patient’s treatment option are surgery and segmentectomy or wedge resection. Adjuvant

chemotherapy administered after surgery may reduce the likelihood of the cancer coming back in

patients who have stage I NSCLC with a greater risk of recurrence due to the tumour’s size,

location, or other variables. People who have stage II NSCLC and are healthy enough for surgery.

The reason behind it is they usually have the cancer removed by lobectomy or sleeve resection.

The initial treatment for stage IIIA non-small cell lung cancer may consist of radiation therapy,

chemotherapy (chemo), or surgery, or a combination of these three. Because of this, the process

of planning therapy for stage IIIA NSCLC typically needs the participation of a thoracic surgeon,

a medical oncologist, and a radiation oncologist. The options for therapy are contingent on the

size of the tumor, its location inside the lung, the lymph nodes to which it has progressed, the

general state of health, and how well patients are able to tolerate treatment. Radiation treatment,

which may be paired with chemotherapy in some cases, is frequently recommended for patients

whose health does not permit them to undergo surgery.

https://www.cancer.org/cancer/lung-cancer/treating-non-small-cell/surgery.html
https://www.cancer.org/cancer/lung-cancer/treating-non-small-cell/surgery.html
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Chemotherapy are chemical drugs that have been shown to be effective in treating or curing

cancer. These drugs interfere with fundamental cellular replication processes in rapidly dividing

cancer cells. In addition to hormone therapy and cytotoxic chemotherapy, targeted therapy, also

known as molecularly targeted therapy, is a prominent modality in the medical treatment of

cancer. Targeted therapy focuses at delivering medications to particular genes or proteins that are

specific to cancer cells or the tissue milieu that promotes cancer growth. Targeted therapeutic

release at the location of disease while limiting off-target side effects caused to normal tissues is

key to the therapy's efficacy. It is commonly used with other anti-cancer therapies. Monoclonal

antibodies, orally administered medicines are used in targeted therapy. Surgery does not have the

capability of removing these tumors in their entirety. Treatment for this stage of lung cancer,

including treatment for earlier stages, is contingent on the general health of the patient. When

diagnosed, NSCLC in stages IVA or IVB has already spread. These tumors are notoriously

difficult to treat. The general health, the location and extent of the disease's spread, and whether

or not the cancer cells have particular gene or protein alterations all play a role in determining

the treatment options available to individuals. Clinical trials are studies that are conducted to

evaluate new medications, medications that have previously been licensed, medical technologies,

or other types of treatment which show us what techniques to medicine and health care are

successful, as well as those that are not. They offer the most effective method for discovering

whether treatments are useful for cancer and other serious diseases. The majority of the time,

clinical studies are carried out in phases that build upon one another. There are different type of

phases like phase I, phase II, phase III. If phase I clinical trials passes the newly discovered drug,

then a phase II clinical trial will be carried out. This conversion is needed to know if the drug is

effective treating certain forms of cancer. The advantage that the physicians seek for in a therapy

is dependant upon the treatment's intended purpose. It is possible that it means the cancer is

getting better or perhaps going away. It is also possible that it means the cancer will not grow

any larger for a considerable amount of time, or that it will be a while before it reappears.

According to the findings of certain research, the advantage may be an improvement for overall

quality of life. Because a greater number of patients participate in phase II studies, it is possible

that fewer frequent adverse effects may be observed. If a sufficient number of patients

experience a beneficial outcome from the medication and the adverse effects are manageable,

phase III clinical trials will be initiated.
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The International Agency for Research on Cancer's publication GLOBOCAN 2012 provided the

incidence and death rates for 2012. Using a variety of techniques depending on the precision and

availability of data, GLOBOCAN calculates the incidence and mortality rates of cancer in every

nation on earth. From 1% in Africa, 6% in Asia, and 8% in Latin America to 42% in Europe,

78% in Oceania, and 95% in North America, population-based cancer registries are covered.

About one-third of the world's population has access to mortality data, which are often of higher

quality in high-income nations.

Overall survival (OS) also termed survival rate is the proportion of participants in a research who

are still living after a specified period of time following the point at which they received a

diagnosis of a disease or began treatment for it, such as cancer. It is common practice to express

the overall survival rate in terms of a five year survival rate. Survival rates overall provide the

greatest potential for clinical benefit, presuming that quality of life is not adversely affected. To

increase the survival rate there are some points we need to detect, for an example efficacy

endpoint. A endpoint in a clinical trial is an outcome that may be monitored objectively in

clinical trials to establish whether or not the intervention being examined is useful. In clinical

trials, the endpoints are almost often included into the overall research objectives. Efficacy

endpoint is a clinical trial outcome that serves as the basis for determining whether or not the

medicines being tested are successful. A correctly chosen endpoint can assure no bias. Prior to

the beginning of the clinical study, a primary efficacy endpoint needs to be determined by

clinical trials. The term "progression-free survival," or PFS, refers to the amount of time that a

patient lives with an illness, such as cancer, but the condition does not become worse while they

are being treated for it or after therapy has ended. PFS, or progression-free survival, is a term that

is commonly used in oncology to refer to scenarios in which a tumor is present. This can be

confirmed by laboratory testing, radio logic testing, or clinically. In a similar manner, the term

"disease-free survival" refers to the amount of time that has passed after patients have been

treated and there is no sign of disease. It is preferable to have a proportion of 90% rather than

30%. It is indicative of a prolonged period of stability when the progression-free survival

duration is greater. Even if there is no evidence of further disease development, this does not

indicate that the cancer has been cured or that it is no longer causing symptoms. It signifies that

it is not moving farther. As the result will be a statistical it does not in any way guarantee

anything about what will occur in the future because survival statistics are only able to indicate
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whether a therapy is more or less successful than other therapies on average. They cannot be

used to anticipate whether or not an individual patient will survive. Overall response rate is often

known as ORR which refers to the percentage of patients who participated in a study and had

their tumors eliminated or considerably lessened as a result of treatment. ORR is generally

defined as the addition of complete responses which are patients with no noticeable evidence of a

tumor over a specific time period. Patients with a complete response still had no distinguishable

evidence of a tumor. Patients with a partial response have a drop-off in tumor size over a

nominative time period. An increase in ORR provides objective evidence that the medication is

effective.

Objective of the Study

One potential root cause of the issue mentioned above is the demand for the validation of

efficacy endpoint methods in clinical trials, which are methods by which the efficacy of cancer

therapies is established. By developing two predictive efficacy models and a thorough analysis of

the efficacy data from clinical trials, we want to assist researchers in the design of clinical trials

and improve the combination therapy for some lung cancers. Our objective is to determine the

type and dosage of non-small cell lung cancer treatment that has the highest probability of curing

the disease with the fewest side effects possible.
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Chapter 2

Methodology

2.1 Efficacy Endpoint

The endpoints are the findings that were measured either throughout the duration of the research

or at the ending of the study in order to determine whether or not the given drug was successful

and whether or not it was effective. The term "overall response rate" is for the sum of the

percentages of tolerant who experienced either a partial or complete response as a result of the

treatment. A specified decrease (generally less than 30 percent) in the targeted lesion, tumor

volume or cancer cell number is typically considered to be a partial response (PR). Overall

survival, or OS, measures how long a patient continues to live after receiving therapy for their

condition. The progression-free survival (PFS) rate measures how long a patient is able to remain

disease-free after receiving treatment, this indicates that the patient is maintaining a stable

condition and that their condition is not deteriorating. Nevertheless, the PFS and OS are indices

of effectiveness that stand in for the OS.

2.2 Data Source

The aim of this project to collect, systematically screen, and then extract efficacy endpoint which

are PFS, ORR and OS from the first 200 Phase II NSCLC clinical trial articles. Since the amount

of data that we are extracting is such a relatively minimal quantity, we searched one database

along with some keyword like lung cancer phase II clinical trial along with efficacy endpoint,

which is PubMed using corresponding PMID within the subset of data. Using numerous sites

would be complicated and time-consuming due to the minimal quantity of data that we are

working with.

2.3 Inclusion and Exclusion Criteria

As this is a systematic review of the published papers, there appears to be criteria for both the

inclusion and exclusion of certain articles. The criteria for inclusion include clinical trials of

phase II with efficacy endpoints (PFS, ORR, and OS). If the two endpoint which is PFS and

ORR are found then article is considered as inclusion. When the PFS values were found to be in

days or weeks in the articles, they were converted to months so that they could be used. In
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addition, the treatment size and total number of drugs were compiled from the articles that were

considered as included.

Whereas the criteria for exclusion include clinical trials of phase I and phase III and also did not

have efficacy objectives.

2.4 Study Plan

Following the extraction, we are left with 124 data that meet the inclusion requirements within

the first 200.

Figure 1 - Study Plan

There are two key factors that should be emphasized based on these efficacy endpoints. Firstly,

we plan to observe the impact of drugs incorporated in the treatment can have on the patient's

overall chance of surviving the disease. Secondly, the relationship between different forms of

therapy, such as chemotherapy and targeted therapy, and the efficacy endpoint.

2.5 Statistical Analysis

T-test were performed when two ORR groups or two PFS groups' means were compared for a

difference at a 5% significance level, Student's t-test with unequal variances was run. The

Pearson product-moment correlation was used to assess the relationship between PFS and ORR.
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Chapter 3

Results

The collection of efficacy outcomes, such as progression-free survival, overall response rate, and

overall survival rate, is our primary objective. Following the extraction of 200 articles, we use

the data from the 124 identified efficacy endpoints in our analysis. This data pertains to the

impact that the treatment size has on overall survival. The primary efficacy endpoint of this study

is overall survival since the primary objective is to reduce the number of people who perish due

to non-small cell lung cancer. Details of the collected data has been provided in the appendix.

Table 1: Number of Collected Efficacy Data

SL. Efficacy Endpoint Number

1 ORR 94

2 PFS 97

3 OS 105
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3.1 Impact of Treatment Size on Overall Survival

1

Figure 2.a - Overall survival values according to the combination size. The X axis represents
number of drugs in combination and the Y axis represents overall survival. The error bars
represent 95% confidence interval and level of significance was 5%.

The line plot in the figure illustrates the correlation between the treatment size, measured in

terms of the number of medications, and overall survival. There seems to be no significant

increase in the number of months of survival when only one drug is given. The typical amount is

13.2 months of time one can expect to live. Then, when two drugs are administered together, the

survival time is 13.6 months, which is quite close to the single drug outcome. When the number

of possible combination sizes is extended from two to three, the survival time increases by up to

19 months compared to what it was previously. The survival time is significantly influenced by

the three different combination sizes that are available for increase the survival.

Last but not least, there is no significant difference between the three combination sizes and the

four treatment sizes, despite the fact that the four treatment sizes had an slight increase survival

rate of 19.8 months.
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3.2 Chemotherapy vs. Targeted Therapy in Monotherapy Trials

Figure 2.b - Chemotherapy and Targeted therapy in monotherapy trials. The blue bar represents
chemotherapy treatment and orange bar represents Targeted Therapy. The error bars represent
95% confidence interval and level of significance was 5%

The purpose of these statistics is to determine the most effective method of treatment for non-

small cell lung cancer in terms of progression-free survival and overall survival rate.

The duration of chemotherapy for PFS is 3.9 months, while the duration of targeted treatment is

8.3 months. There has been a significant alteration that can be categorized as major or

tremendous. Both the targeted treatment, which lasts around 11.3 months, and chemotherapy,

which lasts approximately 14.4 months, contribute to overall survival; however, none of these

treatments demonstrated a significantly greater improvement than PFS, which was not

anticipated.
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Chapter 4

Discussion

Since overall survival is the most important measure of efficacy, it is assigned the drug number

that corresponds to figure 2.a. In contrast, when only one medication is used, there is only a

marginal improvement in the patient's chances of survival. The better efficacy that is achieved

when two drugs are taken together leads to an increase in the mean overall survival value for

combination sizes of two. This can be seen in the fact that the mean overall survival value

improves. It has been determined that there is a statistically significant difference between the

total survival value of combination size one and combination size two, which indicates that this

difference is capable of being assessed statistically. The overall survival rate has once again

increased for drug combinations involving three medications, demonstrating that combinations

involving three medications perform significantly more adequately when taken together than

combinations involving two medications. It is clear that a better overall survival rate has been

reached with a larger number of combination points being used. The mean overall survival

values of combination sizes four, five, or more could not be calculated due to a low number of

reported clinical trials available under these combination sizes. Nevertheless, it is unknown for

how much longer the value will continue to rise. This is due to the very small number of clinical

trials that have been conducted using combination sizes of this kind. One may use statistics to

determine how much of a difference there is between the mean overall survival value of combo

sizes one and three. However, due to the limited quantity of data sets that were available for

analysis under combination size three, it was not possible to statistically determine the difference

in the mean overall survival between combination sizes two and three. A review result from

11,107 patients in 47 trial comparisons show that adjuvant chemotherapy is clearly beneficial for

these patients, regardless of whether chemotherapy was administered in addition to surgery or

surgery with radiation (Burdett et al., 2015). 2019 had seen the publication in ASCO of a phase

II research combining docetaxel and trametinib to treat NSCLC patients with KRAS mutations

which is one of the RAS protein family. After undergoing first-line or second-line therapy, the

overall ORR and PFS of 54 patients were 33% and 4.1 months, respectively (Ye et al., 2021). If

two to three cycles of chemotherapy were administered before to surgery, two randomized

studies found that stage IIIA NSCLC patients had an enhanced chance of survival (Yang et al.,
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1121). Induction chemotherapy with gemcitabine and vinorelbine followed by 42 patients were

enrolled between April 2002 and November 2003, and 40 of them were used to assess toxicity

and response. The median survival duration and progression-free survival were 23.2 months and

10.9 months, respectively, after a median follow-up of 23.8 months, with a 2-year survival rate

of 43.9% (Dae et al., 2005).

In conclusion, we can infer that a combination of three medications is the preferable choice for a

patient who has NSCLC based on the data presented in figure 2.a. The results of the one, two,

and four combinations are not clearly distinguishable from one another and do not demonstrate

an enhanced survival rate compared to those of the combined size three drugs.

Figure 2.b demonstrates that when it comes to PFS, targeted therapy produces significantly better

results than chemotherapy. Therefore, if the chemotherapy is switched out for the targeted

therapy, it will demonstrate a superior result and have a significant effect on the patient's chance

of survival. Epidermal growth factor receptor tyrosine kinase inhibitors were the most frequently

examined class of targeted agents, and they were assessed in 70.6% of phase I/II and II trials

(Subramanian et al., 2013).

On the other hand, the results for overall survival, which we anticipate will indeed be good and

significant, do not achieve the expectation. The results for overall survival for chemotherapy and

targeted therapy are relatively comparable, despite the fact that targeted therapy is demonstrating

a marginally better significant outcome than chemotherapy.

If we want to see an increase in the percentage of patients who are able to make it through

treatment, we might come to the conclusion that targeted therapy is a preferable alternative to

chemotherapy due to the fact that it demonstrates better results for both progression-free survival

and overall survival.

In addition to this, one more objective has been achieved, which was to demonstrate that

progression-free survival yields superior results to overall survival. It was expected to show a

significant result because overall survival is the main outcome that we are focusing on, but an

interesting thing happened here, which is that progression-free survival ended up giving a very

much more prominent result than the primary endpoint that we are focusing on, which is overall
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survival. In the last 10 years, the death rate from lung cancer has gone down. This is partly

because targeted therapy has gotten better. Targeted therapy has become the first-choice

treatment for people with advanced NSCLC that has a mutation gene. This has the effect of

making people live longer overall (Zou et al., 2023).

Our objective is to determine the type and dosage of non-small cell lung cancer treatment that

has the highest probability of curing the disease with the fewest side effects possible. We also get

the result that if we use three different treatment sizes, it will indicate clinical significance. In

addition, if the cancer patient is not responding to the chemotherapy, then, according to our

findings, we are able to substitute the chemotherapy medicine with the medicine for the targeted

therapy. The patient who is afflicted with cancer may gain an incredible amount of benefit from

targeted therapy. The fact that progression-free survival displays better results for the graphs

representing chemotherapy and targeted therapy came as a surprise to us. Patients with advanced

non-small cell lung cancer who had received prior treatment and were chemotherapy-refractory

showed a 10 to 20% response rate and a 30 to 50% symptom improvement with single-agent

gefitinib treatment (Ciardiello et al., 2004).

We had anticipated that overall survival would be our primary measure of efficacy, but this was

not the case. We require further efficacy data in order to arrive at a more accurate result for the

efficacy endpoint. The reason why we require additional data is that the more data we have, the

greater the likelihood that the results will be accurate, making it much simpler for us to draw the

appropriate conclusions and reduce the number of cancer deaths.

Since NSCLC and other forms of cancer are such major killers, we hope to continue this study in

the future using a larger data set, say 1,000 articles. All being well, we should have a satisfactory

outcome if we manage to gather 1,000 articles meeting the specified efficiency requirement.
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Chapter 5

Conclusion

In conclusion, the findings of our small scale study showed that the survival rate of NSCLC

patients might be improved by using three different drug combinations rather than other different

combination numbers. However, since we are not doing our study very vastly, the other

combination size may be successful to increase the survival rate of the NSCLC patients. This

was the primary objective of our research. When three medications are taken together, the

number of months of survival is significantly increased than the other combination size. In

addition, targeted therapy has demonstrated greater efficacy results than chemotherapy in terms

of both progression-free survival and overall survival; this indicates that targeted therapy will be

a more effective treatment option for NSCLC patients than chemotherapy.

Limitation

In contrast to what we had anticipated, overall survival was not our main indicator of

achievement. To arrive at a more precise conclusion for the efficacy endpoint, we need more

efficacy data. We need more data because having more data increases the likelihood that the

results will be correct, which makes it much easier for us to make the right decisions and lower

the rate of cancer mortality.

Future Recommendation

We intend to continue this investigation in the future using a larger data set, say 1,000 papers,

because NSCLC and other cancer types are such significant deaths. If all goes according to plan,

we should be able to acquire 1,000 articles that fulfill the required level of efficiency.
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