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Abstract

This research explores the utilization of laser therapy as a promising
modality in cancer treatment, highlighting its non-invasive nature and
targeted approach to destroying cancer cells while preserving surrounding
healthy tissues. The study examines various laser technologies, including
carbon dioxide (COs.), argon, and neodymium: yttrium aluminum garnet
(Nd:YAG) lasers, and their mechanisms of action, such as photothermal and
photodynamic therapies. The advantages of laser treatment, including
reduced recovery times, minimized side effects, and enhanced precision
compared to traditional methods, are discussed. Additionally, the research
addresses the challenges associated with laser therapy, including safety
concerns and the need for personalized treatment protocols. The findings
underscore the significance of ongoing research to optimize laser
applications in oncology, ultimately aiming to improve patient outcomes

and expand the clinical use of laser technology in cancer treatment.

\
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Chapter one : Introduction

Introduction

Laser therapy has emerged as a promising modality in cancer treatment due
to its non-invasive nature and ability to target specific tissues. This
approach leverages the unique properties of lasers to destroy cancer cells
while minimizing damage to surrounding healthy tissues. Recent
advancements have focused on enhancing the efficacy and safety of laser
based therapies, particularly in combination with other treatment

modalities .

Mechanisms of Action
Photothermal and Photodynamic Therapy

Laser therapy in cancer treatment primarily involves photothermal therapy
(PTT) and photodynamic therapy (PDT). PTT uses laser-induced heat to
destroy cancer cells, while PDT involves the activation of photosensitizers
by laser light to produce reactive oxygen species that kill cancer cells.
Combining these therapies can enhance treatment efficacy, as demonstrated
by the use of Ce6-modified carbon dots and dual plasmonic photothermal
nanoagents, which allow for effective cancer cell eradication under low-

power laser irradiation. [1,2]

(1]




Immunotherapy Enhancement

Laser therapy can also enhance immunotherapy by stimulating the immune
system to attack cancer cells. For instance, laser-photosensitizer assisted
immunotherapy has shown potential in not only destroying tumor cells but
also in stimulating a systemic immune response, which can help in

controlling metastases and preventing tumor recurrence. (3)

Personalized Treatment Approaches

As laser technology continues to evolve, there is growing interest in
tailoring laser-based therapies to individual patient profiles. Personalized
treatment considers the genetic makeup of tumors, the tumor
microenvironment, and the patient’s overall health status. This approach
can help in selecting optimal laser parameters, photosensitizers, and
treatment combinations, thereby increasing the precision and effectiveness
of therapy. Integrating artificial intelligence and machine learning into
treatment planning also holds promise for real-time optimization of laser

application, ensuring maximum efficacy with minimal side effects.(4)

e,




Challenges and Future Directions

Safety and Side Effects

While laser therapy offers targeted treatment, there are concerns about its
effects on normal cells. Low-level laser therapy (LLLT) has been shown to
potentially enhance the proliferation and migration of cancer cells,
indicating the need for careful protocol design to avoid adverse effects (5)
Further research is needed to optimize laser parameters to maximize

therapeutic benefits while minimizing risks .

Technological Advancements

Advancements in laser technology, such as the development of
nanoparticles and improved laser systems, are crucial for enhancing the
selectivity and efficacy of laser treatments. Techniques like laser ablation
and the use of nanoparticles for targeted therapy are being explored to

improve outcomes and reduce side effects. [6,7]
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Clinical Translation and Regulatory Challenges

Despite the promising laboratory and preclinical results of laser-based
cancer therapies, translating these innovations into clinical practice
remains a significant hurdle. Regulatory approval processes are often
lengthy and require comprehensive data on safety, efficacy, and
reproducibility. Additionally, the high cost of advanced laser equipment
and the need for specialized training can limit widespread adoption in
clinical settings. Collaborative efforts between researchers, clinicians, and
regulatory bodies are essential to streamline the development and approval
of laser-based treatments, ensuring they reach patients more efficiently

while maintaining rigorous safety standards.

Laser therapy represents a versatile and promising approach in cancer
treatment, offering benefits such as precision and reduced invasiveness.
The integration of photothermal and photodynamic therapies, along with
advancements in laser technology, holds potential for improving cancer
treatment outcomes. However, ongoing research is essential to address
safety concerns and optimize treatment protocols for broader clinical

application. (8)
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Significance of the Project:

» Non-Invasive Treatment: Laser therapy offers a less invasive alternative
to traditional cancer treatments, reducing physical trauma and recovery

time.

» Targeted Therapy: Lasers can precisely target cancer cells, minimizing

damage to surrounding healthy tissues.

* Integration with Other Modalities: When combined with photothermal
and photodynamic therapies, and even immunotherapy, laser treatment

becomes more effective and can enhance immune responses.

* Technological Advancement: Progress in nanotechnology and laser

systems is improving the precision and effectiveness of treatments.

* Personalized Medicine: The potential for customizing laser parameters
and treatment plans to individual patients’ genetic and clinical profiles

makes this approach a cornerstone of future cancer therapy.
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Purpose of the Project:

* To investigate the mechanisms behind laser-based cancer treatments,

focusing on photothermal and photodynamic therapies.

* To explore how laser therapy can synergize with immunotherapy and be

adapted to personalized medicine strategies.

» To highlight the technological advancements and emerging research in

laser applications in oncology.

* To identify challenges such as safety concerns and the potential for

enhancing cancer cell proliferation under certain conditions.

» To emphasize the need for continued research to optimize protocols and

ensure safe, effective clinical use.
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Chapter two : Literature review

2.1 what is laser ?

A laser (Light Amplification by Stimulated Emission of Radiation) is a
device that emits light through a process of optical amplification based on
the stimulated emission of electromagnetic radiation. Lasers produce

coherent, monochromatic, and collimated beams of light (9).

Figure 1: shows a laser device that is used in medical
applications

e,




Figure 2: shows application of laser in surgery

2.2 Basic Components of a Laser System

1. Gain Medium — The substance (solid, liquid, gas, or plasma) that
amplifies light through stimulated emission .

2. Energy Source (Pump) — Provides energy to excite electrons in the
gain medium. This can include electrical current, another light
source, or chemical reaction .

3. Optical Resonator — Usually two mirrors placed around the gain
medium. One mirror is partially transparent to let out the laser beam,

while the others reflect light to amplify it (10).
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Figure 3: shows the laser system

2.3 Types of Lasers

Gas Lasers (e.g., HeNe, CO2) — Common in surgery and cutting
applications

Solid-State Lasers (e.g., Nd:YAG) — Used in industrial and medical
fields

Fiber Lasers — Use optical fibers as the gain medium, known for
efficiency and high beam quality .

Dye Lasers — Use organic dyes in liquid form; tunable over a wide
range of wavelengths

Diode Lasers — Compact and found in electronics like CD players

and barcode scanners
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Excimer Lasers — Emit UV light and are used in delicate procedures
like eye surgery .
Free-Electron Lasers — Use a stream of high-speed electrons; tunable

and powerful .(11)

2.4 properties of Laser:

1. Coherence: Laser light is highly coherent, meaning that the light waves
are in phase with each other. This coherence allows lasers to produce a

narrow, focused beam of light.

2. Monochromaticity: Laser light is typically monochromatic, meaning it
consists of a single wavelength or color. This is achieved through the use
of specific materials and processes in the laser's construction.

3. Directionality: Laser beams are highly directional, meaning they can be
focused into a tight beam that travels in a straight line over long distances

without significant divergence.

4. High Intensity: Lasers can produce high-intensity light beams, which
means they have a high power output concentrated into a small area. This
property makes lasers useful for various applications such as cutting,

welding, and medical procedures.

5. Low Divergence: Laser beams have low divergence, meaning they
spread out minimally as they travel through space. This property allows

lasers to maintain their focus over long distances.

10
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6. Polarization: Laser light can be polarized, which means the electric field
oscillates in a specific direction. The polarization of laser light can be

controlled and manipulated for various applications.

7. Speed: Laser light travels at the speed of light, making it extremely fast
and suitable for applications requiring rapid data transmission or precise

timing.

8. Brightness: Light is emitted in a well-defined beam means that the
power per unit area is very high, even though the total amount of spectrum
of the active atomic transition. This means that the spectral brightness (i.e.
the intensity in the beam divided by the width of the emission line) is even
higher in comparison with a white light source like a light bulb. For
example, the spectral brightness of a 1 mW laser beam could easily be
millions of time greater than that of a 100 W light bulb.

These properties make lasers useful in various fields such as

telecommunications, medicine, manufacturing, research and entertainment
2.5 Applications

Industrial: Cutting, welding, engraving .

Telecommunications: Fiber optic communication relies on laser
signals

Military: Range-finding, target designation, and directed-energy
weapons .

Scientific Research: Used in spectroscopy, holography, and quantum
optics .

Medical: Used in LASIK, cancer therapy, dermatology .

11
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2.6 laser in medicine:

Lasers have become an integral part of modern medicine, offering precision
and versatility in various medical applications. Since their invention, lasers
have revolutionized both diagnostic and therapeutic procedures across
numerous medical fields.

Applications of Lasers in Medicine:

1.Surgical Applications

Lasers are widely used in surgery due to their ability to cut, cauterize, and
vaporize tissues with high precision, minimizing surgical trauma compared
to traditional methods. They are employed in fields such as dermatology,
ophthalmology, dentistry, and neurosurgery, among others .

Lasers are also used for innovative procedures like revascularization of the
heart and disobliteration of blocked arteries, showcasing their potential in

complex surgeries.

Figure 4: shows the use of laser in surgical operations

2.Diagnostic and Therapeutic Uses

12
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Lasers play a crucial role in diagnostics and therapy, offering
highresolution imaging and targeted treatment options. They are used in
micro- and macro-diagnostics of cells and biochemical kinetics, enhancing
the accuracy of medical assessments.

In therapy, lasers are used for procedures like scar rehabilitation, where

they help improve scar appearance through multi-laser approaches.

3.Laser-Tissue Interactions

The interaction between laser radiation and biological tissues is a key area
of study. Lasers can selectively target tissues based on their absorption
properties, allowing for precise ablation with minimal damage to
surrounding areas. For instance, the 980-nm diode and 1940-nm Tm:fiber
lasers are effective in soft tissue surgeries due to their specific absorption

characteristics (12)

2.7 laser in cancer treatment:

Laser therapy is a precise and minimally invasive technique employed in
cancer treatment to destroy or shrink tumors, alleviate symptoms, and, in
some cases, activate drugs that target cancer cells. Different types of lasers
are utilized based on the tumor’s location, depth, and specific treatment

objectives.
The main types of lasers currently used in cancer treatment include:

-+ Carbon dioxide (CO»)
«  Argon

13
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Neodymium: yttrium aluminum garnet (Nd: YAQG)

Carbon dioxide (CO?) laser:

The CO2 laser was invented by Kumar Patel in 1963 and has been a

significant tool in medical treatments since the early 1970s.

Carbon dioxide (CO2) lasers have been utilized in cancer treatment since
their invention in the 1960s, particularly for excising tumors and managing

various skin conditions.

i

Gynecology Scan
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Figure 5 : shows CO: laser device

14

| S




Mechanism of Action:

CO2 lasers emit a specific wavelength of light (10,600 nm) that is highly
absorbed by water, which is abundant in biological tissues. This absorption
leads to rapid heating and vaporization of the targeted tissue, allowing for
precise cutting and removal of cancerous cells while minimizing damage

to surrounding healthy tissues.

Applications of (CO») laser in Cancer Treatment:

Skin Cancer:

CO2 lasers are frequently used to treat non-melanoma skin cancers, such
as basal cell carcinoma and squamous cell carcinoma. The laser can
precisely excise tumors while preserving healthy skin, which is crucial for

cosmetic outcomes.

Laryngeal Cancer:

In cases of early-stage laryngeal cancer, CO2 lasers can be used to
remove tumors from the vocal cords. This method helps preserve voice
quality and function, which is a significant concern for patients. (13).

Oral Cancer:
CO2 lasers are employed in the excision of oral tumors, providing a
minimally invasive option that can reduce bleeding and promote faster

healing.

15
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Gynecological Cancers:
In gynecological oncology, CO2 lasers can be used for procedures such as

vaporization of cervical dysplasia or excision of endometrial lesions.

Palliative Care:
CO2 lasers can also be used in palliative settings to relieve symptoms

caused by tumors, such as obstruction in the airway or gastrointestinal tract.

Advantages of CO2 Lasers

*Precision: The ability to target specific tissues with minimal collateral
damage is one of the most significant advantages of CO2 lasers. This
precision is particularly beneficial in delicate areas, such as the larynx or

oral cavity.

*Reduced Bleeding: The laser's thermal effect can coagulate blood vessels
as it cuts, leading to less bleeding during surgery. This can result in a clearer

surgical field and reduced need for blood transfusions.
*Minimized Scarring: The controlled nature of laser surgery often results
in less scarring compared to traditional surgical methods, which is

especially important in visible areas.

*Faster Recovery: Patients often experience quicker recovery times and

less postoperative pain, allowing for a faster return to normal activities.

16
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Chapter three : Cancer Treatment Methods

3.1 Comparison between traditional treatment methods and laser

treatment

1. Effectiveness

*Traditional Treatment Methods:

- Surgery: Involves the physical removal of tumors and surrounding
tissue. It is often effective for localized cancers but may require larger
incisions and longer recovery times.

- Radiation Therapy: Uses high-energy radiation to kill cancer cells. It

can be effective for various types of cancer but may affect surrounding

healthy tissues.
(A gl
i y,
& \
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Jejunal Interposition Gastrectomy

Figure 6: Stomach Cancer Surgery Treatment

Subtotal gastrectomy: Removal of the part of the stomach that contains cancer

Total gastrectomy: Removal of the entire stomach
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Proximal gastrectomy: a small portion of the proximal stomach is removed. Pylorus
preserving Gastrectomy: This procedure preserves the pylorus which is important for digestion

and function of the stomach.

- Chemotherapy: Involves the use of drugs to kill cancer cells. It is
systemic and can target cancer throughout the body but often comes with

significant side effects.

nnluu "'I""I""' -

L.I

1. IVisset up through 2,1V bagdripsinto 3. Injectable drugs can be administered through
a port or needle bloodstream at IV bag, but may be given manually through

— controlled rate syringe of infusion pump
very

Figure 7 : Shows Chemotherapy for Metastatic Cancer

e[aser Treatment:

- CO2 lasers are effective for specific types of tumors, particularly
superficial or localized cancers (e.g., skin, laryngeal, and oral cancers).
They can precisely target cancerous tissues while sparing healthy tissues,

which can enhance treatment outcomes.

18
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2. Precision

*Traditional Treatment Methods:

- Surgical methods can be precise, but larger incisions may lead to more
trauma to surrounding tissues. Radiation therapy can be targeted but may

still affect nearby healthy cells.

*Laser Treatment:
- Lasers offer high precision due to their ability to focus on specific
tissues. The thermal effect of the laser allows for controlled cutting and

vaporization, minimizing damage to adjacent healthy tissues.

3. Recovery Time

- Traditional Treatment Methods:

- Recovery from traditional surgery can take weeks to months, depending
on the extent of the procedure. Radiation therapy may require multiple
sessions over several weeks, with cumulative side effects affecting

recovery.

- Laser Treatment:
- Patients often experience shorter recovery times with laser treatments.
The minimally invasive nature of laser surgery typically results in less

postoperative pain and quicker healing.

4. Side Effects

*Traditional Treatment Methods:
- Surgery can lead to complications such as infection, bleeding, and

scarring. Radiation therapy may cause skin irritation, fatigue, and longterm

19
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effects on surrounding tissues. Chemotherapy can result in systemic side
effects, including nausea, hair loss, and immune suppression.
 Laser Treatment:

- Side effects are generally minimal and localized. Patients may
experience some swelling, redness, or discomfort at the treatment site, but

these effects are usually mild and resolve quickly.

5. Cosmetic QOutcomes

*Traditional Treatment Methods:
- Surgical scars can be significant, especially with larger incisions.

Radiation therapy can also lead to skin changes and discoloration.

*Laser Treatment:
- The precision of laser treatment often results in better cosmetic

outcomes, with less scarring and improved healing of the skin.

6. Cost and Accessibility

*Traditional Treatment Methods:
- Costs can vary widely depending on the type of surgery, chemotherapy,
or radiation therapy. Traditional methods are generally more widely

available in healthcare settings.

eLaser Treatment:
- Laser treatments can be more expensive due to the cost of equipment
and specialized training. Availability may be limited to certain medical

centers or specialized clinics.

20
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7. Indications and Limitations

- Traditional Treatment Methods:
- Suitable for a wide range of cancers, including advanced and metastatic
cases. They can be combined with other treatments (e.g., chemotherapy

and radiation).

- Laser Treatment:
- Best suited for specific types of cancers, particularly those that are
superficial or localized. Not all tumors are amenable to laser treatment,

and it may not be appropriate for larger or more invasive cancers.

Both traditional treatment methods and laser treatment have their
advantages and limitations. The choice of treatment depends on various
factors, including the type and stage of cancer, the location of the tumor,
the patient's overall health, and the desired outcomes. In many cases, a
multidisciplinary approach that combines different treatment modalities

may provide the best results for patients.

3.2 Why we use laser In cancer treatment ?

Lasers are more precise than standard surgical tools (scalpels), so they do
less damage to normal tissues. As a result, patients usually have less pain,
bleeding, swelling, and scarring. With laser therapy, operations are usually
shorter. In fact, laser therapy can often be done on an outpatient basis. It
takes less time for patients to heal after laser surgery, and they are less
likely to get infections, Patients should consult with their health care

provider about whether laser therapy is appropriate for them .

21
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3.3 Types of Cancer:

There are more than 100 types of cancer. Types of cancer are usually named
for the organs or tissues where the cancers form. For example, lung cancer
starts in the lung, and brain cancer starts in the brain. Cancers also may be
described by the type of cell that formed them, such as an epithelial cell or

a squamous cell.

You can search NCI’s website for information on specific types of cancer
based on the cancer’s location in the body or by using our A to Z List of
Cancers. We also have information on childhood cancers and cancers in

adolescents and young adults. (14)

1.Carcinoma

Carcinomas are the most common type of cancer. They are formed by
epithelial cells, which are the cells that cover the inside and outside
surfaces of the body. There are many types of epithelial cells, which

often have a column-like shape when viewed under a microscope.

2. Sarcoma

Cancer that form in bone and soft tissues, including muscle, fat, blood
vessels, lymph vessels, and fibrous tissue (such as tendons and

ligaments). Osteosarcoma 1s the most common cancer of bone.

The most common types of soft tissue sarcoma are leiomyosarcoma,
Kaposi sarcoma, malignant fibrous histiocytoma, liposarcoma, and

dermatofibrosarcoma protuberans.

22
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https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045682&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045682&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045682&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046056&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046056&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046056&version=Patient&language=en
https://www.cancer.gov/types
https://www.cancer.gov/types
https://www.cancer.gov/types
https://www.cancer.gov/types
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269462&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269462&version=Patient&language=English

3.Leukemia

Cancers that begin in the blood-forming tissue of the bone marrow are
called leukemias. These cancers do not form solid tumors. Instead, large
numbers of abnormal white blood cells (leukemia cells and leukemic
blast cells) build up in the blood and bone marrow, crowding out normal
blood cells. The low level of normal blood cells can make it harder for

the body to get oxygen to its tissues, control bleeding, or fight infections.

4.Lymphoma

Lymphoma is cancer that begins in lymphocytes (T cells or B cells).
These are disease-fighting white blood cells that are part of the immune
system. In lymphoma, abnormal lymphocytes build up in lymph nodes

and lymph vessels, as well as in other organs of the body.

TonSll . """""" "." ' 7
\ . Enlarged and
& % swollen lymph
{ node with tumor
Thymus @----------- .
Spleen @----------
. ___________________
Cns:‘erlpa Lymphatic
oy vessels

Figure 8: Shows(lymphoma) lymph node cancer in
different organs of the body
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https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045622&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045622&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045622&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045762&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045762&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045762&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045762&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045762&version=Patient&language=en

5.Multiple Myeloma

Multiple myeloma is cancer that begins in plasma cells, another type of
immune cell. The abnormal plasma cells, called myeloma cells, build up
in the bone marrow and form tumors in bones all through the body.
Multiple myeloma is also called plasma cell myeloma and Kahler

disease.

6.Melanoma

Melanoma is cancer that begins in cells that become melanocytes, which
are specialized cells that make melanin (the pigment that gives skin its
color). Most melanomas form on the skin, but melanomas can also form

in other pigmented tissues, such as the eye.
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Figure 9: Shows Early detection of melanoma

24

|



https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046230&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046230&version=Patient&language=English

7.Brain and Spinal Cord Tumors

There are different types of brain and spinal cord tumors. These tumors
are named based on the type of cell in which they formed and where the
tumor first formed in the central nervous system. For example, an
astrocytic tumor begins in star-shaped brain cells called astrocytes,
which help keep nerve cells healthy. Brain tumors can be benign (not

cancer) or malignant (cancer).

8. Other Types of Tumors

Germ Cell Tumors

Germ cell tumors are a type of tumor that begins in the cells that give
rise to sperm or eggs. These tumors can occur almost anywhere in the

body and can be either benign or malignant.

Neuroendocrine Tumors

Neuroendocrine tumors form from cells that release hormones into
the blood in response to a signal from the nervous system. These
tumors, which may make higher-than-normal amounts of hormones,
can cause many different symptoms. Neuroendocrine tumors may be

benign or malignant.

25
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https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045602&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045602&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045602&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045602&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269436&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269436&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269436&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269443&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269443&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000269443&version=Patient&language=English

Carcinoid Tumors

Carcinoid tumors are a type of neuroendocrine tumor. They are
slowgrowing tumors that are usually found in the gastrointestinal
system (most often in the rectum and small intestine). Carcinoid
tumors may spread to the liver or other sites in the body, and they may
secrete substances such as serotonin or prostaglandins, causing

carcinoid syndrome.

3.4 Lung cancer

Lung cancer remains the leading cause of cancer-related death in the
worldwide; in the United States, it is the second most common cancer
among men and women.

The majority of lung cancers are divided into two histologic types:
non-small cell lung cancer (NSCLC; 84%) and small cell lung cancer
(SCLC; 13%), which helps guide treatment. Smoking is closely linked to
80% to 90% of lung cancer deaths, whereas radon exposure is a leading
cause of nonsmoking-related lung cancer. Several guidelines address the

management of lung cancer , with the goal of improving patient outcomes

(15).
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https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000339609&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000339609&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000339609&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000339609&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000339609&version=Patient&language=English

Figure 10: Shows A 53-year-old male with metastatic non-small cell
lung cancer .

3.4.1 Classification of lung cancer

Lung cancers are broadly classified into two types:

*Small cell lung cancers (SCLC)
*Non-small cell lung cancers (NSCLC)

1.Small cell lung cancer (SCLC):

It is one of the most aggressive and rapidly growing lung cancers
comprising 20% of all lung cancers .This type of cancer is strongly related
to cigarette smoking. SCLC often metastasizes rapidly too many sites and
is discovered during late stages. These cancers have a specific cell
appearance under the microscope, the cells being smaller than the cells of
Non-Small Cell lung Cancer SCLC often remains central to the lung and
grows along the wall of large bronchus the cells multiply quickly and form

large tumors that spread throughout the body (16).
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2.Non-small cell lung cancer (NSCLC):
It is the most common type of lung cancers and accounts for about80% of

all lung cancers. NSCLC can be divided into three main types:

* Adenocarcinomas:

This is found in the gland of the lung that produces mucous and is the most
common type of NSCLC in Women and nonsmokers .Adenocarcinomas
comprise up to 50% of NonSmall Cell Lung cancers and it arises in the
outer, or peripheral, areas of the lung. A subtype of it is Bronchioloalveolar
Carcinoma that develops frequently at multiple sites in the lungs and
spreads along the preexisting alveolar walls

Sometimes adenocarcinomas arise around a scar tissue and are associated

with asbestos exposure .

* Squamous Cell Carcinomas:

These are also known as epidermoid carcinomas and accounts for about
30-40% of primary lung tumors .This type of cancer grows commonly in
the central areas around major bronchi in a stratified or pseudoductal
arrangement. The cells have an epithelial pearl formation with individual

cell keratinization (17)

* Large cell carcinomas:

The tumor cells are large and show no other specific morphological
traits.Sometimes they are referred to as undifferentiated carcinomas, and
they are the least common type of Non-Small Cell Lung Cancer. (18).
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3.4.2 Clinical manifestation of Lung Cancer
There are several symptoms connected with the presence of Lung Cancer

that vary depending upon where and how widespread the tumor is:

Symptoms related to the primary tumor:

The growth and invasion of cancer in the lung tissues and other
surrounding areas may interfere with breathing that leads to some
symptoms such as: o0 Cough o Shortness of breath o Wheezing o Chest
pain o Coughing up blood (hemoptysis). o In case the cancer has invaded
nerves it may cause Shoulder pain that travels down the arm (Pan Coast’s
syndrome) paralysis of the vocal cords leading to hoarseness o If it

invades to esophagus It may cause difficulty in swallowing (dysphasia).
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Figure 11:Shows the stages of lung cancer
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Symptoms related to metastasis:

» If the lung cancer has spread to bones It may cause excruciating pain
in the bones.

* In case of spreading to bones it causes number of neurologic
symptoms that may include blurred vision, headaches, seizures, or,

symptoms of stroke such as weakness or loss of sensation in parts of the

body.

No symptoms:

In around 25 % of patients with lung cancer the disease is discovered on a
routine chest X-ray or CT scan as a solitary mass (coin lesion). Some of
these patients with small, single masses show up no symptoms at the time

cancer is discovered. (19).

3.4.3 Treatment of lung cancer:

There are several ways to treat lung cancer. The treatment depends on the
type of lung cancer and how far it has spread. Treatments include surgery,
chemotherapy,and radiation. People with lung cancer often get more than
one kind of the following treatments

Surgery: Cancer tissues are removed by resection.

Chemotherapy : This type of treatment involves the use of drugs to
shrink or kill the cancer. (20).
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Radiation : The term for the treatment of cancer with x-rays. It works by
killing cancer cells and often used on its own to treat lung cancer. It may
also be given as part of a combined treatment with surgery and/or
chemotherapy. It is usually given from outside the chest (external
radiotherapy) by directing x-rays at the area needing treatment. The
machines that are most commonly used for this are called linear
accelerators. However, radiotherapy can-also be given by putting a small

amount of radiation directly inside the lung (brachytherapy).

Laser in lung cancer treatment:

laser treatment for lung cancer can provide immediate palliative relief and
preserve lung function, but its effectiveness varies depending on the stage
and location of the cancer. Some studies showing no significant
improvement in survival for advanced cases.

Laser treatment for lung cancer is a therapeutic approach that utilizes laser
technology to manage and treat lung tumors. This method can provide
palliative relief, improve lung function, and potentially preserve

lung tissue.
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Types of Laser Treatments

Nd-YAG Laser Therapy: This is used for patients with incomplete or
complete obstruction of the tracheobronchial tree due to non-oat cell
malignant neoplasms. It provides immediate palliative relief, improving
symptoms like cough and dyspnea, although complications such as

pulmonary hemorrhage can occur (21).

Photodynamic Therapy (PDT): Involves the use of a photosensitizer
activated by laser light to destroy cancer cells. PDT is effective for
earlystage lung cancer and can be combined with other treatments like
chemotherapy. It is known for preserving lung function and having low

systemic photosensitivity (22).

Photoradiation Therapy (PRT): Utilizes hematoporphyrin derivative
activated by red laser light. It is effective in opening obstructed bronchi
and treating early-stage bronchial cancer lesions, although it does not

significantly improve survival in advanced cases (23).

Laser-Assisted Pulmonary Metastasectomy: This technique is used for
lung metastases, aiming to preserve lung function by minimizing the
removal of healthy tissue. It shows significant recovery of lung function

within a year post-surgery (24).
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Benefits and Complications

Benefits: Laser treatments can provide immediate symptomatic relief,
improve lung function, and are minimally invasive. They are particularly
beneficial for patients with non-resectable tumors or those who cannot

undergo surgery (25).

Complications: Potential complications include pulmonary hemorrhage,
necrotic cavitation, and fistulas. Careful patient selection and imaging are

crucial to minimize risks (26).

Laser treatments for lung cancer offer a range of benefits, particularly in
symptom management and lung function preservation. While effective in
certain cases, especially for early-stage cancers, the risk of complications
necessitates careful patient selection and monitoring. Overall, laser
therapy is a valuable tool in the multidisciplinary approach to lung cancer

treatment.
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Chapter four : Discussion

Discussion

Laser therapy has demonstrated significant potential in the treatment of
various cancers, offering a minimally invasive alternative to traditional
methods. The ability of lasers to precisely target cancer cells while sparing
surrounding healthy tissue is a substantial advantage, leading to reduced
recovery times and fewer side effects. The integration of photothermal and
photodynamic therapies with laser technology enhances treatment efficacy

and opens new avenues for patient-specific approaches .

However, challenges remain in the field. While laser treatments can
effectively manage localized tumors, their applicability in advanced stages
of cancer is still under investigation. Concerns about potential adverse
effects, such as the stimulation of cancer cell proliferation with low-level
laser therapy, necessitate a careful design of treatment protocols.
Furthermore, the high cost of laser technologies and the need for

specialized training can limit their widespread adoption in clinical settings
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Recommendations for future studies:

1.Research and Development: Continued research is essential to optimize
laser parameters and enhance treatment protocols. Studies should focus on
understanding the biological mechanisms of laser-tissue interactions to

mitigate potential risks and improve patient outcomes .

2 .Personalized Medicine: Developing personalized treatment plans that
consider individual patient profiles, including genetic factors and tumor
characteristics, can enhance the effectiveness of laser therapies.
Incorporating artificial intelligence and machine learning may aid in

realtime treatment optimization .

3.Clinical Trials: Robust clinical trials are necessary to establish the safety
and effectiveness of laser therapies in various cancer types and stages.
These trials should also assess long-term outcomes and potential

complications .

4 .Training and Accessibility: Increasing access to laser technology in
diverse healthcare settings is crucial. Training programs for healthcare
professionals can help disseminate knowledge about laser applications in

oncology and improve treatment outcomes.

5.Regulatory Frameworks: Collaborative efforts among researchers,

clinicians, and regulatory bodies are vital to streamline the approval
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processes for innovative laser therapies, ensuring that advancements reach

patients promptly and safely .

Conclusion

Laser therapy stands out as a promising modality in cancer treatment,

characterized by its precision, reduced invasiveness, and potential for

integration with other treatment approaches. While significant strides have

been made, ongoing research is crucial to refine these technologies and

address existing challenges. By focusing on personalized treatment

strategies and enhancing accessibility, the full potential of laser therapy in

oncology can be realized, ultimately improving patient care and outcomes

1n cancer treatment.
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