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What is immunotherapy?

Immunotherapy is also sometimes calteologic therapyor biotherapy It is treatment
that uses certain parts of the immune system ta figgeases such as cancer. This can be
done in a couple of ways.

 Stimulating your own immune system to work hardesmarter to attack cancer cells
» Giving you immune system components, such as matenmamune system proteins

For a long time doctors suspected that the immysies had an effect on certain
cancers. Even before the immune system was wedirstwbd, William Coley, MD, a

New York surgeon, first noted that getting an itifet after surgery seemed to help some
cancer patients. In the late 1800s, he beganrigeatincer patients by infecting them

with certain kinds of bacteria, which came to bewn asColey toxins Although he had
some success, his technique was overshadowed wiemfarms of cancer treatment,
such as radiation therapy, came into use.

Since then, doctors have learned a great deal dbeunmune system. This has led to

research into how it can be used to treat cansargumany different approaches. In the
last few decades immunotherapy has become an iamqrart of treating several types
of cancer.

Immunotherapy includes a wide variety of treatmeimés work in different ways. Some
seem to work by boosting the body’s immune systemvery general way. Others help
train the immune system to attack cancer cellsiSpaity.

Immunotherapy seems to work better for some typeamcer than for others. It is used
by itself to treat some cancers, but for many cemiteseems to work best when used
along with other types of treatment.

As researchers have learned more about the badysine system in recent years, they
have begun to figure out how it might be usedeattcancer more effectively. Newer



treatments now being tested seem to work better and will have a greaterompae
outlook for people with cancer in the future.

What the immune system does

Your immune system is a collection of organs, special cells, and substancespthat he
protect you from infections and some other diseases. Immune systenmddhe a
substances they make travel through your body to protect it from germs that cause
infections. They also help protect you from cancer in some ways.

It may help to think of your body as a castle. Think of viruses, bacteria, andgmessi
hostile, foreign armies that are not normally found in your body. They try to irycane
body to use its resources to serve their own purposes, and they can hurt you in the
process. In fact, doctors often use the wiordignto describe invading germs or other
substances not normally found in the body. The immune system is your body's defense
force. It helps keep invading germs out, or helps kill them if they do getontoopdy.

The immune system basically works by keeping track of all of the substancesdlporm
found in the body. Any new substance in the body that the immune system does not
recognize raises an alarm, causing the immune system to attack itnSebsteat cause
an immune system response are cadieiigens The immune response can lead to
destruction of anything containing the antigen, such as germs or canser cel

Germs such as viruses, bacteria, and parasites have substances on theifacdsr sur
such as certain proteins, that are not normally found in the human body. The immune
system sees these foreign substances as antigens. Cancer eddis diféerent from
normal cells in the body. They often have unusual substances on their outer shefaces
can act as antigens.

But the immune system is much better at recognizing and attacking demsancer
cells. Germs are very different from normal human cells and are oftey szl as
foreign, but cancer cells and normal cells have fewer clear differdBeesause of this
the immune system may not always recognize cancer cells as foremgerCalls are
less like soldiers of an invading army and more like traitors within the ranks dliman
cell population.

Clearly the immune system’s normal ability to fight cancer is limitedaulme many

people with healthy immune systems still develop cancer. The immune sysyenotma

see the cancer cells as foreign because the cancer cells (and theisaatigaot

different enough from those of normal cells. Sometimes the immune sysi@gnizes

the cancer cells, but the response may not be strong enough to destroy the caneer. Canc
cells themselves may also give off substances that keep the immune systeck.in che

To overcome this, researchers have designed ways to help the immune sysgtemeaeco
cancer cells and strengthen its response so that it will destroy them.



Types of immunotherapy

There are many types of cancer treatments that could be thought of as immajyothe

Some work by stimulating your body's own immune system to fight the disease. This
may be done by boosting the immune system in a very general way, or by training the
immune system to attack some part of cancer cells specifically.

Other treatments sometimes considered immunotherapy use immune system otsnpone
(such as proteins calleohtibodie$ that are made in the lab. Some of these boost the
immune system once they are in the body. Others don’t really affect the insysiam
much, if at all. Instead, the antibodies themselves target specific paatscef cells,
stopping them from growing or making them die.

The main types of immunotherapy now being used to treat cancer are discubsed in t
following sections. They include:

* Monoclonal antibodies: These are man-made versions of immune system proteins.
Antibodies can be very useful in treating cancer because they can be designed t
attack a very specific part of a cancer cell.

» Cancer vaccinesVaccines are substances put into the body to start an immune
response against certain diseases. We usually think of them as being givathio he
people to help prevent infections. But some vaccines may help prevent or treat
cancer.

* Non-specific immunotherapies:These treatments boost the immune system in a
very general way, but this may still result in more activity against caedls.

Immunotherapy drugs are now used to treat a number of cancers, including cancers of the
bladder, breast, colon, kidney, lung, and prostate, as well as leukemia, lymphoma,
multiple myeloma, and melanoma. If you would like more information about
immunotherapy as a treatment for a specific cancer, please see oeddgpiaik for that

cancer.

Many other types of immunotherapy are now being studied for use against canaer. Som
of these are discussed in the section “What's new in immunotherapy research?”

Many types of immunotherapy work by targeting specific parts of candsr &slsuch,
they can be thought of as a form of targeted therapy, which differs fronplxscs
treatments like chemotherapy. But there are also other targeted trtsathat zero in on
parts of cancer cells that are not immunotherapies. For more informatiomgeteda
drugs, see our documeiitargeted Therapy



Monoclonal antibodies

One way the immune system normally attacks foreign substances in the bgdy is b
making large numbers of different antibodies. An antibody is a “sticky” prthei
targets a specific antigen. Antibodies circulate in the body until they find aawth &t the
antigen. Once attached, they recruit other parts of the immune systenrag tescells
containing the antigen.

Many copies of a specific antibody can be made in the lab. These are known as
monoclonal antibodie@nAbs or moAbs). These antibodies can be useful in fighting
diseases because they can be designed specifically to only targeiraam@rgen, such
as one that is found on cancer cells.

Monoclonal antibodies are now used to treat many diseases, including some types of
cancer. A major advantage of these drugs is that because they are so, spegifnay

have only mild side effects, unlike some other cancer treatments. But reseéirshe

have to identify the right antigen to attack. For cancer, this is not alwsysaeal so far

mAbs have proven to be more useful against some cancers than others. Over the past 15
years or so, the US Food and Drug Administration (FDA) has approved about a dozen
mMADs to treat certain cancers.

As researchers have found more antigens that are linked to cancer, they havdedeen a
make monoclonal antibodies against more and more cancers. Clinical trialseof new
mADbs are now being done on many types of cancer.

Types of monoclonal antibodies
Two types of monoclonal antibodies are used in cancer treatments:

* Naked mAbgare antibodies that work by themselves. There is no drug or radioactive
material attached to them. These are the most commonly used mAbs at this time

» Conjugated mAbare those joined to a chemotherapy drug, radioactive particle, or a
toxin (a substance that poisons cells). These mAbs work, at least in part, byaacting
homing devices to take these substances directly to the cancer cells.



Naked monoclonal antibodies

Most naked mADbs attach to antigens on cancer cells, but some work by binding to
antigens on other, non-cancerous cells, or to even free-floating proteins.

Naked mAbs can work in different ways. Some may boost a person’s immune response
against cancer cells. Others work by blocking specific proteins that hekpr caatis
grow. (Some may do both.)

Some naked MADbs attach to cancer cells to act as a marker for the body's imneme sys
to destroy them. An example of this is alemtuzur@dmpatff), which is used to treat
some patients with chronic lymphocytic leukenfidlemtuzumab is an antibody that

binds to the CD52 antigen, which is found on immune cells called B cells and T cells.
Once attached, the antibody triggers the destruction of the cell by the imnstema.sy

Some naked mAbs work mainly by attaching to and blocking specific antigens that are
important signals for cancer cells (or other cells that help caeliergcow or spread).

For example, trastuzumab (Hercefliis an antibody against the HER2/neu protein. A
large amount of this protein is present on the cells in some types of cancer. When
HER2/neu is activated, it helps these cells grow. Trastuzumab stops thesesrotei
becoming active. It is used to treat breast and stomach cancers that hasenlauiges of
this protein.

Conjugated monoclonal antibodies

Monoclonal antibodies attached to a radioactive substance, drug, or toxin, are called
conjugatednAbs. The mAb is used as a homing device to take one of these substances
directly to the cancer cells. The mAb circulates in the body until it carafidchook onto

the target antigen. It then delivers the toxic substance where it is neededmss

lessens the damage to normal cells in other parts of the body.

Conjugated mAbs are also sometimes referred tagaged labeled orloadedantibodies.
They can be divided into groups depending on what they are linked to.

* mAbs with radioactive particles attached are referred tadislabeled and
treatment with this type of antibody is knownradioimmunotherapyRIT).

* mAbs with chemotherapy drugs attached are referreddbeasolabeled
* mADbs attached to cell toxins are calle@nunotoxins

Radiolabeled antibodies:Radiolabeled antibodies have small radioactive particles
attached to them. Ibritumomab tiuxetan (Zev3liand tositumomab (Bexx@rare
examples of radiolabeled mAbs. Both of these are antibodies against the CD2@, antige
but they each have a different radioactive particle attached. They daliveactivity



directly to cancerous B cells and can be used to treat some types of non-Hodgkin
lymphoma.

Chemolabeled antibodiesThese mAbs have powerful chemotherapy drugs attached to
them. (The chemotherapy drug is often too powerful to be used on its own — it would
cause too many side effects if not attached to a mAb.)

There are only 2 chemolabeled antibodies approved by the FDA to treat cahter at

time: brentuximab vedotin (Adcetfisand ado-trastuzumab emtansine (Kadcyla
Brentuximab vedotin is made up of an antibody that targets the CD30 antigen (found on
B cells and T cells), attached to a chemo drug cMIBEAE. It is used to treat Hodgkin
lymphoma and anaplastic large cell lymphoma that is no longer responding to other
treatments. Ado-trastuzumab emtansine is made of an antibody that targeERthe H
protein attached to a chemo drug called DM1. It is used to treat advanced &meastic
patients whose cancer cells have too much HER2.

Immunotoxins: These mAbs have cell poisons (toxins) attached to them, which makes
them similar in many ways to chemolabeled mAbs. At this time no immunotasens
approved to treat cancer, although many are being studied.

However, a related drug known @snileukin diftitox (Ontak®) is being used to treat

some cancers. It consists of an immune system protein known as interleukig}2 (I
attached to a toxin from the germ that causes diphtheria. Although it's not an mADb, IL-2
normally attaches to certain cells in the body that contain the CD25 antigen, whkiefi ma
it useful for delivering the toxin to these cells. Denileukin diftitox is usecktd t

lymphoma of the skin (also known as cutaneous T-cell lymphoma). It is also being
studied to be used against a number of other cancers.

Possible side effects of monoclonal antibodies

Monoclonal antibodies are given intravenously (injected into a vein). Compared with the
side effects of chemotherapy, the side effects of naked mAbs are dairbllynild and

are often more like an allergic reaction. These are more common while this @irsig

being given. Possible side effects can include:

* Fever

* Chills

» Weakness
» Headache
* Nausea

* Vomiting



* Diarrhea
* Low blood pressure
* Rashes

Some mADs can also have other side effects that are related to the antigéeagéie

For example, bevacizumab (Avastinan mAb that targets tumor blood vessel growth,

can cause side effects such as high blood pressure, bleeding, poor wound healing, blood
clots, and kidney damage.

Conjugated antibodies may pack more of a punch than naked mAbs, but they often cause
more side effects. The side effects depend on which type of substance thegtredato.

Cancer vaccines

Most of us know about vaccines given to healthy people to help prevent infections, such
as measles and mumps. These vaccines use weakened or killed germs likeviruse
bacteria to start an immune response in the body. Getting the immune systgto read
defend against these germs helps keep people from getting infections.

Most cancer vaccines work the same way, but they usually prime the immuara gyst
attack cancer cells in the body. The goal is to help treat cancer or to helpt jpiréoen
coming back after other treatments. But there are some vaccines thatuadly &elp
prevent certain cancers.

Vaccines to help prevent cancer

Many people might not realize it, but some cancers are caused by virusese¥lcat
help protect against infections with these viruses might also help prevent sonseof the
cancers.

Some strains of the human papilloma virus (HPV) have been linked to cervical, anal,
throat, and some other cancers. Vaccines against HPV may help protedt smamsf
these cancers.

People who have chronic (long-term) infections with the hepatitis B virus (HEB\gta
higher risk for liver cancer. Getting the HBV vaccine to help prevent thistiofemay
therefore lower some people's risk of getting liver cancer.

These are traditional vaccines in that they target the viruses that carcedase
cancers. They may help protect against some cancers, but they don't tacgetelis
directly. These types of vaccines are only useful for cancers known to leel taus
infections.



But most cancers, such as colorectal, lung, prostate, and breast cancerghargghoto
be caused by infections. Doctors are not yet sure if it will be possible to naleresto
prevent these other cancers. Some researchers are now trying, but énchrissstill in
very early stages. Even if such vaccines prove to be possible, it will be masygéae
they become available.

Vaccines to help treat cancer

Cancer treatment vaccines are different from the vaccines that wonlsiagaises.
These vaccines try to get the immune system to mount an attack against el aer c
the body. Instead of preventing disease, they are meant to get the immuneasystem
attack a disease that already exists.

A cancer treatment vaccine uses cancer cells, parts of cells, or purasigecrease
the immune response against cancer cells that are already in the bodge¥aceioften
combined with other substances or cells cadl@divantshat help boost the immune
response even further.

Cancer vaccines don't just boost the immune system in general; they cansautine i
system to attack cells with one or more specific antigens. And becausenhbaee
system has special cells for memory, it's hoped that the drugs will help kexep fram
coming back.

Sipuleucel-T (Provenge®)

At this time, this is the only vaccine approved by the US Food and Drug Administration
(FDA) to help treat cancer. It is used to treat advanced prostate daatdsrrio longer
being helped by hormone therapy.

For this vaccine, immune system cells are removed from the patient's blood and sent to a
lab. There they are exposed to chemicals that turn them into special detisieatritic

cells They are also exposed to a protein cgtlexbtatic acid phosphatagAP), which

should produce an immune response against prostate cancer.

The dendritic cells are then given back to the patient by infusion into a vein (I'§). Thi
process is repeated twice more, 2 weeks apart, so that the patient getsd delées

Back in the body, the cells help other immune system cells attack the patiestate
cancer. Although the vaccine does not cure prostate cancer, it has been shown to help
extend patient’s lives by several months on average. Studies to see if this gaocine
help men with less advanced prostate cancer are now being done.

Side effects are usually mild and can include fever, chills, fatigue, back ahgam,
nausea, and headache. A few men may have more severe symptoms, including problems
breathing and high blood pressure.



Other cancer vaccines have shown some promise in clinical trials, but havéeget to
approved in the United States to treat cancer. Some of these are describeddtiahge s
“What's new in immunotherapy research?”

Types of cancer treatment vaccines being studied

Several types of cancer vaccines are now being studied, with a fewngekathistage
clinical trials.

Tumor cell vaccines:These vaccines are made from actual cancer cells that have been
removed during surgery. The cells are treated in the lab, usually with radiatibeys
cannot form more tumors. In most cases, doctors also change the cells in cergain way
often by adding chemicals or new genes, to make them more likely to be seengs f

by the immune system. The cells are then injected into the patient. The immigne sys
recognizes antigens on these cells, then seeks out and attacks any othéhdbkse
antigens that are still in the body.

Mosttumor cell vaccines am@utologous meaning the vaccine is made from killed tumor
cells taken from the same person in whom they will later be used. In other wols, cell
are taken from you (during surgery), the vaccine is made from them in a lab, anitsthe ce
are injected back into you. Some vaccinesadiogienei¢c meaning the cells for the

vaccine come from someone other than the patient being treated. Allogen@mesyace
easier to make than autologous vaccines, but it is not yet clear if one type is more
effective than the other.

Antigen vaccines:These vaccines boost the immune system by using only one antigen
(or a few), rather than whole tumor cells that contain many thousands of anfigens
antigens are usually proteins or pieces of proteins cadptides

Antigen vaccines may be specific for a certain type of cancer, but theypamade for a
specific patient like autologous cell vaccines are. Scientists often coseviagal
antigens in a vaccine to try to get a stronger immune response.

Dendritic cell vaccines:Dendritic cells are special immune cells in the body that help
the immune system recognize cancer cells. They break down cansentoedmaller
pieces (including antigens), then hold out these antigens so other immune lelI3 cal
cells can see them. This makes it easier for the immune system cetisgaize and
attack cancer cells.

Dendritic cell vaccines are autologous vaccines (made from the person in kandyowilt

be used), and must be made individually for each patient. The process used to ¢reate the
is complex and expensive. Doctors remove some immune cells from the blood and
expose them in the lab to cancer cells or cancer antigens, as well as thethieats

that turn them into dendritic cells and help them grow. The dendritic cells are then
injected back into the patient, where they should provoke an immune response to cancer
cells in the body.



Sipuleucel-T (Provenge), which is used to treat advanced prostate cancer,ampaleex
of a dendritic cell vaccine.

DNA vaccines:When tumor cells or antigens are injected into the body as a vaccine,
they may cause the desired immune response at first, but they may bemeiettve

over time. This is because the immune system recognizes them as foreign and quickly
destroys them. Without any further stimulation, the immune system oftenséo its
normal (pre-vaccine) state of activity. To get around this, scientists havel lfmrkee way

to provide a steady supply of antigens to keep the immune response going.

DNA is the substance in cells that contains the genetic code for the prb&dinslis

make. Vectors (see next section) can be given bits of DNA that code for pratgena.
When the vectors are then injected into the body, this DNA might be taken up by cells
and can instruct them to make specific antigens, which would then provoke the desired
immune response. These types of therapies are Nédvaccines

Vector-based vaccinesThese vaccines use special delivery systems (catietdrg to
make them more effective. They aren't really a separate cateigeagcine; for example,
there are vector-based antigen vaccines and vector-based DNA vaccines.

Vectors are special viruses, bacteria, yeast cells, or other struttairean be used to get
antigens or DNA into the body. The vectors are often germs that have beed tlter
make sure they can no longer cause disease.

Vectors may be helpful in making vaccines for a number of reasons. First, thdema
used to deliver more than one cancer antigen at a time, which may make the body's
immune system more likely to mount a response. Second, vectors such as viruses and
bacteria may trigger their own immune responses from the body, which may help make
the overall immune response even stronger. Finally, these vaccines maiebama less
expensive to make than some other vaccines.

Non-specific immunotherapies and
adjuvants

Non-specific immunotherapies do not target a certain cell or antigen. Timeyase the
immune system in a very general way, but this may still result in moxetyaeigainst
cancer cells.

Some non-specific immunotherapies can be given by themselves as catoerite.

Others are used as adjuvants (along with a main treatment) to boost the immeme syst
to improve how well another type of immunotherapy (such as a vaccine) works. ome a
used by themselves against some cancers and as adjuvants against others.



Cytokines

Cytokines (pronounced SY-toh-kines) are chemicals made by immune systerii loell
are crucial in controlling the growth and activity of other immune systdsared blood
cells in the body.

Man-made versions of some cytokines can be given alone to boost the immune gystem, o
they can be given along with tumor vaccines as adjuvants.

Some man-made cytokines are used to lessen the side effects of other tsesticteat
chemotherapy. They can help the bone marrow make more white blood cells, red blood
cells, or platelets when their levels in the body have gotten too low. While this is
important in cancer treatment, it isn't truly immunotherapy.

Cytokines are injected, either under the skin, into a muscle, or into a vein. The most
common ones are discussed here.

Interleukins

Interleukins are a group of cytokines that act as chemical signalsdoeivirte blood
cells.

Interleukin-2 (IL-2) helps immune system cells grow and divide more quickly. \&hen
man-made version of IL-2 was approved by the US Food and Drug Administration in
1992 to treat advanced kidney cancer, it became the first true immunotherepyedpp
be used alone in treating cancer. Since that time, it has also been approvegenpieat
with metastatic melanoma.

IL-2 can be used as a single drug treatment for these cancers, or it otaghieed with
chemotherapy or with other cytokines such as interferon-alfa. (It is alsogiedigd for
use as an adjuvant along with some vaccines.) Using IL-2 with these tneatmght
help make them more effective against some cancers, but the side effectsoof biveed
treatment are also increased.

Side effects of IL-2 may include flu-like symptoms such as chills, fevégutgtand
confusion. Most people gain weight. Some have nausea, vomiting, or diarrhea. Many
people develop low blood pressure, which can be treated with other medicines. Rare but
potentially serious side effects include an abnormal heartbeat, chestgbather heart
problems. Because of these potential side effects, if IL-2 is given in high, doseist be
done in the hospital (as an inpatient).

Other interleukins, such as IL-7, IL-12, and IL-21, are now being studied for usstaga
cancer too, both as adjuvants and as stand-alone agents.



Interferons

These cytokines, first discovered in the late 1950s, help the body resist virusmsfect
and cancers. The types of interferon (IFN) are named after the fitser3 lef the Greek
alphabet: IFN-alfa, IFN-beta, and IFN-gamma.

Only IFN-alfa is used to treat cancer. It boosts the ability of certaimuine cells to
attack cancer cells. It may also slow the growth of cancer cells gjrastivell as the
blood vessels that tumors need to grow.

The FDA has approved IFN-alfa for use against these cancers:
 Hairy cell leukemia
» Chronic myelogenous leukemia
* Follicular non-Hodgkin lymphoma
» Cutaneous (skin) T-cell lymphoma
* Kidney cancer
* Melanoma
» Kaposi sarcoma

Side effects of interferons may include flu-like symptoms (chills, fexeagache,

fatigue, loss of appetite, nausea, vomiting), low white blood cell counts (which creas
the risk of infection), skin rashes, and thinning hair. These side effects can leeasweler
can make treatment with interferon hard to tolerate for many people. Mosfffeidis do
not last long after the treatment stops, but fatigue can last longer. Othlengterm
effects include damage to nerves, including those in the brain and spinal cord.

Granulocyte-macrophage colony-stimulating factor

Granulocyte-macrophage colony-stimulating fa¢®M-CSF) is a cytokine that causes
the bone marrow to make more of certain types of immune system cells and blsod cell
A man-made version (known aargramostinor Leukin€) is often used to boost white
blood cell counts after chemotherapy.

GM-CSF is also being tested against cancer as a non-specific immunypthedags an
adjuvant given with other types of immunotherapies. Clinical trials of GM-O8if¢ ar
with other immunotherapies, are being done in people with many different fypes o
cancer.

Common side effects of GM-CSF include flu-like symptoms (fever, headachedemus
aches), rashes, facial flushing, and bone pain.



Other drugs that boost the immune system

Some other drugs boost the immune system in a non-specific way, similar to cytokine
But unlike cytokines, these drugs are not naturally found in the body.

Thalidomide

Thalidomide (Thalomifl) is used as a treatment for multiple myeloma and some other
cancers. It is thought to work in a general way by boosting the immune systeugahl
it's not exactly clear how it does this.

Side effects of thalidomide can include drowsiness, fatigue, severe caostipad
neuropathy (painful nerve damage). The neuropathy can be severe, and may ngt go awa
after the drug is stopped. There is also an increased risk of serious blood dat=ftha

in the leg and can travel to the lungs). Because thalidomide causes seliadefbots if

taken during pregnancy, this drug can only be obtained through a special program run by
the drug company that makes it.

Lenalidomide

Lenalidomide (Revlimifi) is a newer drug that is similar to thalidomide. It is used to treat
multiple myeloma and some other cancers.

The most common side effects of lenalidomide are low platelet and low white blood cell
counts. It can also cause painful nerve damage. The risk of blood clots is not as great
that seen with thalidomide, but it is still increased. Like thalidomide, ataess
lenalidomide is tightly controlled out of concern about possible serious birth defects.

Bacille Calmette-Guérin

Bacille Calmette-GuérifBCG) is a germ related to the one that causes tuberculosis.
Unlike its bacterial "cousin,” BCG does not cause serious disease in humanhdpbst i
infect human tissues and helps activate the immune system. This makes B@@suse
form of cancer immunotherapy. BCG was one of the earliest immunotheragies us
against cancer and is still being used today.

BCG is FDA-approved for early stage bladder cancer. It is placed dinetttlthie
bladder through a catheter. The body's immune system cells are attrabetladder
and activated by BCG, which in turn affects the bladder cancer cells. Treatitient
BCG may cause symptoms that are like having the flu, such as fever, chills,iguel fat
It can also cause a burning feeling in the bladder.

BCG may also be used to treat some melanoma skin cancers by injectinglit ofitec
the tumors.



Imiquimod

Imiquimod (Aldar&) is a drug that, when applied as a cream, stimulates a local immune
response against skin cancer cells. It is used to treat some very earlykstacancers
(or pre-cancers), especially if they are on sensitive areas such as acethe f

The cream is applied anywhere from once a day to twice a week for savetaks.
Some people may have serious skin reactions to this drug.

What's new in immunotherapy research?

Immunotherapy is a very active area of cancer research. Many gsiantisdoctors
around the world are studying new ways to use immunotherapy to treat camserofS
these are discussed here.

Newer monoclonal antibodies

Monoclonal antibodies (mAbs) have already become an important part of the tieatme

for many cancers. As researchers have learned more about what makeseksc

different from normal cells, they have developed mAbs to exploit these difEseThey

have also developed newer forms of mAbs, attaching them to drugs or other substances t
make them more powerful. New mAbs are now being studied for use against many types
of cancer. A few are listed here.

Breast cancer

A conjugated mAb known as trastuzumab-DM1 (or T-DM1) combines the trastuzumab
(Herceptin) antibody, which targets the HER2/neu protein, with a chemo drug. It has
shown promise in early studies of women whose breast cancer no longer responds to
trastuzumab alone.

Another mAb, pertuzumab, targets a different part of the HER2/neu protein. It may be
helpful when used along with trastuzumab to treat certain breast cancers.

Leukemias and lymphomas

Several newer mAbs are being studied in clinical trials for people witreiiff types of
leukemia and lymphoma.

Ovarian cancer

An mADb that attaches to certain antigens on both ovarian cancer cells and tospstsi
on T cells (a bi-specific antibody) has shown promise when used with interleukin-2 (I
2). The antibody causes T cells to bind to and attack the cancer cells.



Early studies have shown that radiolabeled mAbs against ovarian cancer pnsgrhel
women live longer.

Bevacizumab (Avastin), another mAb, slows the growth of tumor blood vessels by
targeting the VEGF protein. It can slow the growth of advanced ovarian cativeugal
it's not yet clear if it helps women live longer.

Newer cancer vaccines

Vaccines are not yet considered a major treatment for cancer. Buatieamany
different types of vaccines now being studied to treat a variety of cancers.

Breast cancer

Early studies have found that autologous vaccine therapy may lengthen treome el
survival times of some women with early breast cancer. This approach is beiegd studi
further.

A HER2/neu peptide (a small part of the HER2/neu protein), used as the antigen in a
vaccine, has been shown to cause an increased immune response against the HER2/neu
receptor on cancer cells. It is being studied further.

Other specific antigen vaccines are also promising. These vaccines asé alnays
used after primary therapy (lumpectomy and radiation therapy, or noastgand
sometimes together with hormonal therapy or chemotherapy, to try to keepdke ca
from coming back.

Cervical cancer

While HPV vaccines already available may help prevent some of thesssamtber

HPV vaccines that may help treat this cancer are now being testedéaldiiials. These
vaccines try to cause an immune reaction to the parts of the virus that aid the growth of
cervical cancer cells. This may kill the cancer cells or stop them fromirgy.

Colorectal cancer

A number of autologous and allogeneic tumor cell vaccines have shown early promise i
treating colorectal cancer, but so far none have been shown to lengthen survival time

Some vaccines against the carcinoembryonic antigen (CEA) protein have improved the
immune response in a large portion of colorectal cancer patients, but the studiesthave
been going on long enough to see whether this lengthens remission or survival times.



Kidney cancer

Whole tumor cell vaccines given along with the adjuvant BCG have shrunk tumors in a
small number of people with advanced kidney cancer in early studies.

Researchers are also studying DNA vaccines that insert genes iigegfieNA) into
cancer cells, causing the cells to make cytokines. These cytokines helprthed
system recognize the cancer cells and also help activate immune syi$aim attack
those cells.

Lymphoma

Several vaccines have shown promising results in early clinical tgaisst B-cell non-
Hodgkin lymphomas, but they are not yet US Food and Drug Administration (FDA)-
approved.

Lung cancer

StimuvaX (BLP25) is a peptide vaccine that is encased in a fat droplet (liposome) to
make it work better. A small study of patients with advanced non-small cell &umegic
suggested it might improve survival time. Larger studies are being donedatmyfirm
this.

Melanoma

Although no melanoma vaccines are FDA-approved yet, recent studies have found that
some autologous and allogeneic tumor cell vaccines, as well as antigeresabave

shrunk tumors and helped some patients live longer. Dendritic cell vaccines have also
been shown to shrink tumors in some patients. Some newer studies combine vaccines
with IL-2 or newer adjuvants to further stimulate the immune reaction. Thareti®f
research going on in this area.

Pancreas cancer

GVAX is a tumor cell vaccine. It is made by modifying pancreatic carederia the lab

to express GM-CSF (to help stimulate the immune system). The cellsagliated so

they can't grow any more. They are then injected into the patient to cansenane
response. In a small early study, patients who got the vaccine combined withlthe mA
ipilimumab (Yervoy), which boosts the immune system, lived longer than expected.
This vaccine is now being looked at in larger studies.



Prostate cancer

Many prostate cancer vaccines are designed to cause immune responsgsrie mtnd
only on prostate cells, such as prostate-specific antigen (PSA) andgspstaific
membrane antigen (PSMA).

A version of the GVAX vaccine using prostate cancer cells has shown some promise i
early studies. This vaccine is now being tested in larger studies of pazsiate.

Another prostate cancer vaccine (PROSTVAC-VF) uses a virus that éragéeetically
modified to contain PSA. The patient's immune system should respond to the virus and
begin to recognize and destroy cancer cells containing PSA. Earlisreghl this

vaccine have been promising.

Other ways to boost the immune system

Some other forms of immunotherapy now being studied try to boost specific parts of the
immune system. These types of treatments have shown promise, but they ar& comple
and so far are available only through clinical trials being done at majacaheednters.

Lymphokine-activated killer cell therapy

Scientists can make large numbers of active, cancer-fighting T cellslabtbg treating

a small number of a patient's T cells in a test tube with the cytokine inter2(kir?).
After being returned to a patient's bloodstream, these special cells, hedv cal
lymphokine-activated killer cell®r LAK cells), are more effective against cancer cells.
Researchers are now testing several ways to use these very atgefighting cells.

LAK cell therapy has shown promising results in animal studies, where it shruakstum
in animals with lung, liver, and other cancers. Although clinical trials in humansbave
yet been as successful, researchers are constantly improving UA&cbeliques. They

are testing these newly improved methods against melanoma, brain tumors, and other
cancers.

Tumor-infiltrating lymphocyte vaccine with interleu kin-2

Researchers have found immune system cells deep inside some tumors and have named
these cellsumor-infiltrating lymphocyte$TILs). These cells can be removed from tumor
samples taken from patients and made to multiply in the lab by treating tlle i &i

When injected back into the patient, these cells can be active cancer fighters.

Treatments using TILs are being tested in clinical trials in peoplerméianoma, kidney
cancer, ovarian, and other cancers. Early studies of this approach by reseshtrs f
National Cancer Institute have been promising, but its use may be limited because
doctors may not be able to get TILs from all patients.



To learn more

More information from your American Cancer Society

We have some related information that may also be helpful to you. You can find these on
our Web site or order them from our toll-free number, 1-800-227-2345.

Targeted Therapy

Oncogenes and Tumor Suppressor Genes

Clinical Trials: What You Need to Know

Questions People Ask About Cancer (also available in Spanish)

Understanding Chemotherapy: A Guide for Patients and Families (alsalde ail
Spanish)

National organizations and Web sites*

Along with the American Cancer Society, other sources of information and support
include:

National Cancer Institute
Toll-free number: 1-800-4-CANCER (1-800-422-6237)
Web site: www.cancer.gov

*Inclusion on this list does not imply endorsemanthe American Cancer Society.

No matter who you are, we can help. Contact us anytime, day or night, for calated-r
information and support. Call us B800-227-234%r visit www.cancer.org.

References about immunotherapy

Ault KA, Future Il study group. Effect of prophylactic human papillomavirus L1 virus
like-particle vaccine on risk of cervical intraepithelial neoplasia grageadle 3, and
adenocarcinoma in situ: A combined analysis of four randomised clinical traaiset
2007;369:1861-1868

Bast RC, Zalutsky MR, Kreitman RJ, Frankel AE. Monoclonal serotherapyufie: K
DW, Bast RC, Hait WN, Hong WK, Pollock RE, Weichselbaum RR, Holland JF, Frei E,
eds.Cancer Medicine .7Hamilton, Ontario: BC Decker, Inc.;2006:770-785.

Burris HA 3rd, Rugo HS, Vukelja SJ, et al. Phase Il study of the antibody drugyataju
trastuzumab-DM1 for the treatment of human epidermal growth factor receptor 2



(HER2)-positive breast cancer after prior HER2-directed theda@jin Oncol
2011;29:398-405.

Chesney J, Rasku M, Clem A, Miller D. Denileukin diftitox depletes T regulatty
and causes regression of melanoma metastases in humans [aBstrac@ancer Suppl
2006;4:12:84.

Disis ML, Grabstein KH, Sleath PR, Cheever MA. Generation of immunity to B H
2/neu oncogenic protein in patients with breast and ovarian cancer using a petitie-bas
vaccine Clin Cancer Res1999;5:1289-1297.

Dudley ME, Wunderlich JR, Robbins PF, et al. Cancer regression and autoimmunity in
patients after clonal repopulation with antitumor lymphocysegence
2002;298:850-854.

Ekmekcioglu S, Grimm EA, Kurzrock R. Cytokines and hematopoietic growth factors.
In: Kufe DW, Bast RC, Hait WN, Hong WK, Pollock RE, Weichselbaum RR, Holland
JF, Frei E, edCancer Medicine .7/Hamilton, Ontario: BC Decker, Inc.;2006:744—7609.

Higano CS, Schellhammer PF, Small EJ, et al. Integrated data from 2 raadpmiz
double-blind, placebo-controlled, phase 3 trials of active cellular immunothertpy wi
sipuleucel-T in advanced prostate can€Gamcer 2009;115:3670-3679.

Hodge JW, Schlom J, Abrams SI. Vaccines and immunostimulants. In: Kufe DW, Bast
RC, Hait WN, Hong WK, Pollock RE, Weichselbaum RR, Holland JF, Frei E, eds.
Cancer Medicine .7Hamilton, Ontario: BC Decker, Inc.;2006:786-801.

Hodi FS, O'Day SJ, McDermott DF, et al. Improved survival with ipilimumab inrgatie
with metastatic melanomBl Engl J Med2010;363:711-723.

Hsueh EC, Nathanson L, Foshag LJ, et al. Active specific immunotherapy with
polyvalent melanoma cell vaccine for patients with in-transit melanomaiasts.
Cancer 1999;85:2160-21609.

Kantoff PW, Schuetz TJ, Blumenstein BA, et al. Overall survival analysigbhse II
randomized controlled trial of a Poxviral-based PSA-targeted immunotherapy in
metastatic castration-resistant prostate cado€lin Oncol 2010;28:1099-1105.

Kreitman RJ, Wilson WH, Bergeron K, et al. Efficacy of the anti-CD22 recombina
immunotoxin BL22 in chemotherapy-resistant hairy-cell leukeMigngl J Med
2001;345:241-247.

Morgan RA, Dudley ME, Wunderlich JR, et al. Cancer regression in patients after
transfer of genetically engineered lymphocyfsence2006;314:126-129.

Restifo NP, Robbins PF, Rosenberg SA. Principles of immunotherapy. In: DeNita V
Hellman S, Rosenberg SA, e@ancer: Principles and Practice of Oncolo@th ed.
Philadelphia, Pa: Lippincott Williams & Wilkins;2008:351-368.



Robbins PF, Morgan RA, Feldman SA, et al. Tumoresgion in patients with
metastatic synovial cell sarcoma and melanoma wgenegtically engineered
lymphocytes reactive with NY-ESO-1.Clin Oncol 2011;29:917-924.

Robinson MK, Borghaei H, Adams GP, Weiner LM. Moloo@l antibodies. In: DeVita
VT, Hellman S, Rosenberg SA, e@ancer: Principles and Practice of Oncolo@th
ed. Philadelphia, Pa: Lippincott Williams & WilkiyZ008:537-548.

Schlom J. Therapeutic cancer vaccines: Currretistnd moving forwardl Natl
Cancer Inst2012 Apr 18;104(8):599-613. Epub 2012 Mar 6.

Verma S, Miles D, Gianni L, et al. Trastuzumab emiae for HER2-positive advanced
breast canceN Engl J Med2012 Nov 8;367(19):1783-91. Epub 2012 Oct 1.

Last Medical Review: 5/9/2012
Last Revised: 2/22/2013

2012 Copyright American Cancer Society

For additional assistance please contact your American Cancer Society

1- 800 - ACS-2345 or www.cancer.org




