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Treating Non-Small Cell Lung Cancer

If you've been diagnosed with non-small cell lung cancer (NSCLC), your cancer care
team will discuss your treatment options with you. It's important to weigh the benefits of
each treatment option against the possible risks and side effects.

How is non-small cell lung cancer treated?

Treatments for NSCLC can include:

- Surgery for Non-Small Cell Lung Cancer

- Radiofrequency Ablation (RFA) for Non-Small Cell Lung Cancer
- Radiation Therapy for Non-Small Cell Lung Cancer

- Chemotherapy for Non-Small Cell Lung Cancer

- Targeted Drug Therapy for Non-Small Cell Lung Cancer

- Immunotherapy for Non-Small Cell Lung Cancer

- Palliative Procedures for Non-Small Cell Lung Cancer

Common treatment approaches

The treatment options for non-small cell lung cancer (NSCLC) are based mainly on

the stage (extent) of the cancer, but other factors, such as a person’s overall health and
lung function, as well as certain traits of the cancer itself, are also important. In many
cases, more than one of type of treatment is used.

- Treatment Choices for Non-Small Cell Lung Cancer, by Stage

Who treats non-small cell lung cancer?

You may have different types of doctors on your treatment team, depending on the
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stage of your cancer and your treatment options. These doctors could include:

cmmunotherapy

- Athoracic surgeon: a doctor who treats diseases of the lungs and chest with

surgery

- Aradiation oncologist: a doctor who treats cancer with radiation therapy
- A medical oncologist: a doctor who treats cancer with medicines such as

chemotherapy, targeted therapy, and immunotherapy

- A pulmonologist: a doctor who specializes in medical treatment of diseases of the

lungs
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. Clinical Trials
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Choosing to stop treatment or choosing no treatment at all

Surgery for Non-Small Cell Lung Cancer
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Tests before lung surgery

If your doctor thinks the cancer can be treated with surgery, you might need certain
tests:

- Pulmonary function tests (PFTs) to see if you would still have enough healthy lung
tissue left after surgery

- An EKG (recording of your heart’s electrical activity) and an echocardiogram
(ultrasound of your heart) to check the function of your heart

- Lab work to check other organs to be sure you're healthy enough for surgery

Your doctor will also want to check if the cancer has already spread to the lymph nodes
around the lungs. This is often done before surgery with mediastinoscopy or another
technique.

To learn more about these tests, see Tests for Lung Cancer?.

Types of lung surgery

Surgery for lung cancer usually involves removing all or part of a lung. This is called
lung resection. There are different types of lung resection:

- Pneumonectomy: This surgery removes an entire lung. This might be needed if
the tumor is close to the center of the chest.

- Lobectomy: The lungs are made up of 5 lobes (3 on the right lung and 2 on the left
lung). In this surgery, the entire lobe containing the tumor(s) is removed. If it can be
done, this is often the preferred type of operation for NSCLC.

- Segmentectomy or wedge resection: In these surgeries, only part of a lobe is
removed. This approach might be used if a person doesn’t have enough normal
lung function to withstand removing the whole lobe.

- Sleeve resection: This operation may be used to treat some cancers in large
airways in the lungs. If you think of the large airway with a tumor as similar to the
sleeve of a shirt with a stain a few inches above the wrist, the sleeve resection
would be like cutting across the sleeve (airway) above and below the stain (tumor)
and then sewing the cuff back onto the shortened sleeve. A surgeon may be able to
do this operation instead of a pneumonectomy to preserve more lung function.
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The type of operation you have depends on the size and location of the tumor and on
how well your lungs are functioning. Doctors often prefer to do a more extensive
operation (for example, a lobectomy instead of a segmentectomy) if a person’s lungs
are healthy enough, as it may provide a better chance to cure the cancer.
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For the surgeon, the robotic system may provide more maneuverability and more
precision when moving the instruments than standard VATS. Still, the most important
factor in the success of either type of thoracoscopic surgery is the surgeon’s experience
and skill.

Intraoperative imaging

Along with the results of imaging tests? (such as CT scans) done before surgery,
surgeons also rely on what they can see and feel during the operation to help determine
which parts of the lung need to be removed. However, some lung tumors might not be
easily seen or felt, so in some situations it’'s possible that a tumor (or parts of tumor)
might be missed.

Your surgeon might use a special intraoperative imaging system during the surgery to
help find tumors that aren’t easily seen or felt. For this approach, a fluorescent drug
called pafolacianine (Cytalux) is injected into your blood within 24 hours before your
surgery. The drug travels through your body and attaches to a specific protein found on
lung cancer cells. Once in the operating room, the imaging system gives off near-
infrared light that causes the drug to light up, which can help the surgeon see which
areas of the lung need to be removed.

The most common side effects after getting pafolacianine are nausea, vomiting, belly
pain, heartburn, chest pain, itching, and flushing. Your doctor will probably ask you to
avoid any supplements that have folic acid in them for a few days before the procedure
because they might affect how well this drug works.

Possible risks and side effects of lung surgery

Surgery for lung cancer is a major operation and can have serious side effects, which is
why it isn’t a good idea for everyone. All surgery carries some risks that depend to some
degree on the extent of the surgery and the person’s overall health.

Possible complications during and soon after surgery can include reactions to
anesthesia, excess bleeding, blood clots in the legs or lungs, wound infections, and
pneumonia. Rarely, some people may not survive the surgery.

Recovering from lung cancer surgery typically takes weeks to months. If the surgery is
done through a thoracotomy (a long incision in the chest), the surgeon must spread ribs
to get to the lung, so the area near the incision will hurt for some time after surgery.
Your activity might be limited for at least a month or two. People who have VATS
instead of thoracotomy tend to have less pain after surgery and to recover more quickly.
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If your lungs are in good condition (other than the presence of the cancer), you can
usually return to normal activities after some time if a lobe or even an entire lung has
been removed. If you also have another lung disease, such as emphysema or chronic
bronchitis (which are common among people who have smoked for a long time), you
might become short of breath with certain levels of activity after surgery.

After surgery

When you wake up from surgery, you may have a tube (or tubes) coming out of your
chest and attached to a special container to allow excess fluid and air to drain out. The
tube(s) will be removed once the fluid drainage and air leak slow down enough.
Generally, you will need to spend 1 to 7 days in the hospital depending on the type of
surgery.

More information about Surgery

For more general information about surgery as a treatment for cancer, see Cancer
Surgery?®.

To learn about some of the side effects listed here and how to manage them,
see Managing Cancer-related Side Effects®.
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Radiofrequency Ablation (RFA) for Non-
Small Cell Lung Cancer

Many people with non-small-cell lung cancer (NSCLC) are not healthy enough to
undergo surgery. Some people might have a lung tumor in a place that makes surgery
very difficult. Others might have advanced lung cancer and lung surgery may not be
helpful. In these cases, ablative treatments (ablation) may be a treatment option.
Ablative treatment is the use of temperature (hot and cold) to kill cancer cells and their
surrounding tissue.

- Types of ablation for lung cancer
- Ways to do ablation for lung cancer



American Cancer Society cancer.org | 1.800.227.2345

Types of ablation for lung cancer

- Radiofrequency ablation (RFA) uses high-energy radio waves to heat and
destroy the tumor cells.

- Cryoablation uses liquid nitrogen or argon gas to freeze and destroy the tumor
cells.

- Microwave ablation uses electromagnetic energy to heat and destroy the tumor
cells.

Ways to do ablation for lung cancer

- Ablation using percutaneous approach: A thin, needle-like probe is put through
the skin and moved in until the tip is in the tumor. Placement of the probe is guided
by CT scans. This is usually done as an outpatient procedure, using local
anesthesia (numbing medicine) where the probe is inserted. You may be given
medicine to help you relax.

- Ablation using bronchoscopy: You will be given anesthesia for the
bronchoscopy. Ablation will be done through the bronchoscopy tube and your
airway, rather than from the outside through the skin. This is still quite a new way to
give ablative treatment.

Major complications are uncommon, but they can include the partial collapse of a lung
(which often goes away on its own) or bleeding into the lung.
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cancers when surgery isn’t an option due to a person’s health or in people who
don’t want surgery. It might also be considered for tumors that have limited spread
to other parts of the body, such as the brain or adrenal gland.

Instead of giving a small dose of radiation each day for several weeks, SBRT uses very
focused beams of high-dose radiation given in fewer (usually 1 to 5) treatments. Several
beams are aimed at the tumor from different angles. To target the radiation precisely,
you are put in a specially designed body frame for each treatment. This reduces the
movement of the lung tumor during breathing.

- Three-dimensional conformal radiation therapy (3D-CRT) uses special
computers to precisely map the tumor’s location. Radiation beams are then shaped
and aimed at the tumor(s) from several directions, which makes it less likely to
damage normal tissues. Intensity modulated radiation therapy (IMRT) is a form
of 3D therapy. Along with shaping the beams and aiming them at the tumor from
several angles, the strength of the beams can be adjusted to limit the dose
reaching nearby normal tissues. This technique is used most often if tumors are
near important structures such as the spinal cord.

A variation of IMRT is called volumetric modulated arc therapy (VMAT). It uses a
machine that delivers radiation quickly as it rotates once around the body. This allows
each treatment to be given over just a few minutes.

- Four-dimensional conformal radiation therapy (4DCT) shows where the tumor
is in relation to other structures during each part of the breathing cycle, as opposed
to just giving a “snapshot” of a point in time, like a standard CT does. This
technique might also be used to help show if a tumor is attached to or invading
important structures in the chest, which could help doctors determine if a patient
might be eligible for surgery.

. Stereotactic radiosurgery (SRS) isn't really surgery, but a type of stereotactic
radiation therapy that is given in only one session. It can sometimes be used
instead of or along with surgery for single tumors that have spread to the brain. In
one version of this treatment, a machine focuses about 200 beams of radiation on
the tumor from different angles over a few minutes to hours. Your head is kept in
the same position with a rigid frame. In another version, a linear accelerator (a
machine that creates radiation) that is controlled by a computer moves around your
head to deliver radiation to the tumor from many different angles. These treatments
can be repeated if needed.

13
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For more detailed descriptions of these procedures, see External Beam Radiation
Therapy?.

Brachytherapy (internal radiation therapy)

In people with NSCLC, brachytherapy? is sometimes used to shrink tumors in the airway
to relieve symptoms.

The doctor places a small source of radioactive material (often in the form of small
pellets) directly into the cancer or into the airway next to the cancer. This is usually done
through a bronchoscope?, but it may also be done during surgery. The radiation travels
only a short distance from the source, limiting the effects on surrounding healthy
tissues. The radiation source is usually removed after a short time. Less often, small
radioactive “seeds” are left in place permanently, and the radiation gets weaker over
several weeks.

Proton therapy

In people with NSCLC, especially Stage lll, proton therapy may be an option. Proton
therapy is a type of radiation that uses protons rather than x-rays. A proton is a
positively charged particle, which can be targeted specifically to the tumor. Compared
to x-rays, proton therapy beams are less likely to damage surrounding organs, such as
the heart and esophagus (tube we use to swallow). This form of radiation therapy
continues to be studied, and is offered in most specialized lung cancer treatment
centers.

Possible side effects of radiation therapy for NSCLC

If you are going to get radiation therapy, it's important to ask your doctor about the
possible side effects so you know what to expect. Common side effects depend on
where the radiation is aimed and can include:

- Fatigue

- Nausea and vomiting

- Loss of appetite and weight loss

- Skin changes in the area being treated, which can range from mild redness to
blistering and peeling

- Hair loss where the radiation enters the body

14
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Often these go away after treatment. When radiation is given with chemotherapy, the
side effects may be worse.

Radiation therapy to the chest may damage your lungs and cause a cough, problems
breathing, and shortness of breath. These usually improve after treatment is over,
although sometimes they may not go away completely.

Your esophagus, which is in the middle of your chest, may be exposed to radiation,
which could cause a sore throat and trouble swallowing during treatment. This might
make it hard to eat anything other than soft foods or liquids for a while. This also often
improves after treatment is finished.

Radiation therapy to large areas of the brain can sometimes cause memory loss,
headaches, or trouble thinking. Usually these symptoms are minor compared with those
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Chemotherapy for Non-Small Cell Lung
Cancer

Chemotherapy (chemo) is treatment with anti-cancer drugs that may be injected into a
vein or taken by mouth.

- When is chemotherapy used?

- Chemotherapy drugs used to treat NSCLC
- How is chemotherapy given?

- Possible side effects of chemo for NSCLC
- More information about chemotherapy

When is chemotherapy used?

Chemotherapy travels through the bloodstream and reaches most parts of the body. Not
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all people with non-small cell lung cancer (NSCLC) will need chemo, but depending on
the cancer’s stage® and other factors, chemo may be recommended in different
situations:

- Before surgery (neoadjuvant chemotherapy): Neoadjuvant chemo may be used
(sometimes with radiation therapy) to try to shrink a tumor to make it easier to
remove it with less extensive surgery.

. After surgery (adjuvant chemotherapy): Adjuvant chemo may be used
(sometimes with radiation therapy) to try to kill any cancer cells that might have
been left behind or have spread but can’t be seen on imaging tests?.

- For locally advanced NSCLC:Sometimes, chemo along with radiation therapy is
given as the main treatment for more advanced cancers that have grown into
nearby structures if surgery is not an option or for people who aren’t healthy
enough for surgery.

- For metastatic (stage IV) NSCLC: Chemo may be given for lung cancer that has
spread to areas outside the lung, such as the bones, liver, or adrenal gland.

Chemo is often not recommended for patients in poor health, but advanced age by itself
is not a barrier to getting chemo.

Chemotherapy drugs used to treat NSCLC
The chemo drugs most often used for NSCLC include:

- Cisplatin

- Carboplatin

- Paclitaxel (Taxol)

- Albumin-bound paclitaxel (nab-paclitaxel, Abraxane)
- Docetaxel (Taxotere)

- Gemcitabine (Gemzar)

- Vinorelbine (Navelbine)

- Etoposide (VP-16)

- Pemetrexed (Alimta)

Combinations of 2 chemo drugs are often used to treat early-stage lung cancer. If a
combination is used, it often includes cisplatin or carboplatin plus one other drug.

Advanced lung cancer though may be treated with a single chemo drug especially in
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people who might not tolerate combination chemotherapy well, such as those in poor
overall health or who are elderly.

For some people, a targeted therapy drug or an immunotherapy drug may be given
alone or with chemotherapy. For more on this, see Treatment Choices for Non-Small
Cell Lung Cancer, by Stage.

How is chemotherapy given?

Chemo drugs for lung cancer are typically given into a vein (IV), either as an injection
over a few minutes or as an infusion over a longer period of time. This can be done in a
doctor’s office, chemotherapy clinic, or in a hospital setting.

Often, a slightly larger and sturdier IV is required in the vein system to administer
chemo. They are known as central venous catheters® (CVCs), central venous access
devices (CVADSs), or central lines. They are used to put medicines, blood products,
nutrients, or fluids right into your blood. They can also be used to take out blood for
testing.

Many different kinds of CVCs are available. The most common types are the port and
the PICC (peripherally inserted central catheter) line.

A port is a small quarter-sized device that is placed under the skin in your upper chest.
A small tube connects the port to a large vein that goes into the heart, called the
superior vena cava.

A PICC line is a small tube that is placed in the upper arm; that tube threads through the
vein until reaches the superior vena cava.

Chemo is given in cycles. Each cycle includes the period of treatment followed by a rest
period to give you time to recover from the effects of the drugs. Cycles are most often 3
or 4 weeks long. The schedule varies depending on the drugs used. For example, with
some drugs, the chemo is given only on the first day of the cycle. With others, it is given
for a few days in a row, or once a week. Then, at the end of the cycle, the chemo
schedule repeats to start the next cycle.

Adjuvant and neoadjuvant chemo is often given for 3 to 4 months, depending on the
drugs used. The length of treatment for advanced lung cancer is based on how well it is
working and what side effects you have.

For advanced cancers, the initial chemo combination is often given for 4 to 6 cycles.

18
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Some doctors now recommend giving treatment beyond this with a single chemo or
targeted drug, in people who have responded well to their initial chemotherapy or have
had no worsening of their cancer. Continuing this treatment, known as maintenance
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More information about chemotherapy

For more general information about how chemotherapy is used to treat cancer,
see Chemotherapy*.

To learn about some of the side effects listed here and how to manage them,
see Managing Cancer-related Side Effects®.
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Targeted Drug Therapy for Non-Small
Cell Lung Cancer

As researchers have learned more about the changes in non-small cell lung cancer
(NSCLC) cells that help them grow, they have developed drugs to specifically target
these changes.

- When is targeted therapy used?
- Angiogenesis inhibitors

- KRAS inhibitors

- EGFR inhibitors

- ALK inhibitors

- ROSL1 inhibitors

- BRAF inhibitors

- RET inhibitors

- MET inhibitors

- HER2-directed drugs

- TRK inhibitors

- More information about targeted therapy

When is targeted therapy used?

Targeted drugs work differently from standard chemotherapy (chemo) drugs. They
sometimes work when chemo drugs don’t, and they often have different side effects. At
this time, targeted drugs are most often used for advanced lung cancers, either along
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with chemo or by themselves.

Angiogenesis inhibitors

How they work (mechanism of action): For tumors to grow, they need to form new
blood vessels to keep them nourished. This process is called angiogenesis.
Angiogenesis inhibitors help stop the formation of new blood vessels.These inhibitors
are generally monoclonal antibodies (lab-made versions of a specific immune system
protein) that target vascular the endothelial growth factor (VEGF), a protein that helps
new blood vessels to form, called VEGF inhibitors.

Examples of VEGF inhibitors:

- Bevacizumab (Avastin) is used in combination with chemotherapy,
immunotherapy, or the targeted drug erlotinib for management of advanced or
metastatic NSCLC.

- Ramucirumab (Cyramza) is used in combination with the targeted drug erlotinib or
chemotherapy for management of advanced or metastatic NSCLC.

Side effects of angiogenesis inhibitors:

- Common side effects: Nosebleed, headache, high blood pressure, protein in
urine, change in taste, dry skin, back pain, dry skin, excessive tearing

- Rare, but serious side effects: Severe bleeding, formation of holes (perforations)
in the intestine, issues with wound healing, clots in the heart and/or brain, brain
damage called reversible posterior leukoencephalopathy syndrome (RPLS), very
high blood pressure, kidney damage, allergic reaction to the drug (infusion
reaction), thyroid damage, ovarian failure, fetal harm

Because of the risks of bleeding, these drugs often aren’t used in people who are
coughing up blood or who are taking drugs called blood thinners. The risk of serious
bleeding in the lungs is higher in patients with the squamous cell type of NSCLC, which
is why current guidelines do not recommend using bevacizumab in people with this type
of lung cancer.

KRAS inhibitors

How they work (mechanism of action): In some NSCLCs, the cancer cells have
changes in the KRAS gene that cause them to make an abnormal form of the KRAS
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protein. This abnormal protein helps the cancer cells grow and spread. About 1 in 8
people with NSCLC have a specific type of KRAS gene change called a KRAS G12C
mutation. KRAS inhibitors attach to the KRAS G12C protein, which helps keep cancer
cells from growing.

These drugs are taken as pills, typically once or twice a day.

NSCLCs with this mutation are often resistant to other targeted drugs, such as EFmsGS860g100 1
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with these mutation(s). Afatinib (Gilotrif), erlotinib (Tarceva), dacomitinib
(Vizimpro), gefitinib (Iressa), or erlotinib in combination with a VEGF inhibitor (see
above) are also options.

- EGFR inhibitors that target cells with S768l, L861Q and/or G719X
mutations:Afatinib (Gilotrif) or osimertinib (Tagrisso) is often the preferred first
treatment for advanced NSCLC with these mutation(s). Erlotinib (Tarceva),
dacomitinib (Vizimpro), and gefitinib (Iressa) are options as well.

EGFR inhibitors that target cells with an exon 20 mutation: Amivantamab

(Rybrevant) is a monoclonal antibody (a lab-made version of a specific imnmune
system protein) that targets two proteins that help c