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Immunotherapy

Immunotherapy is treatment that uses your immune system to fight caheet.main

ways that this is done is to boost the patient's own immune system or to give man-made
versions of the normal parts of the immune system. Many future advances agyaiest C

will probably come from this field.

What is immunotherapy?

Immunotherapy is a form diiologic therapy or biotherapy. It is treatment that uses
certain parts of the immune system to fight diseases, including cancer. Thisdmarebe
in a couple of ways:

 Stimulating your own immune system to work harder or smarter

» Giving you immune system components, such as man-made immune system proteins

Immunotherapy is sometimes used by itself to treat cancer, but it is mostiséie along
with or after another type of treatment to boost its effects.

For a long time doctors suspected that the immune system had an effect on certai
cancers. Even before the immune system was well understood, William Coleg, MD,
New York surgeon, first noted that getting an infection after surgery seemeq sohet
cancer patients. In the late 1800s, he began treating cancer patients by ittieating

with certain kinds of bacteria, which came to be know8asy toxins. Although he had
some success, his technique was overshadowed when other forms of cancer treatment
such as radiation therapy, came into use.

Doctors have learned a great deal about the immune system since then. This has led to
research into how it can be used to combat cancer and exploring many different
approaches. In the last few decades immunotherapy has proven useful in sezathad)
types of cancer.

The idea of using one's own immune system to fight cancer is tempting, but so far, in
most cases immunotherapy hasn't been shown to clearly be better than aikexffor
treatment. For instance, it seems to work best when treating smalleistaggycancers,
and it may be less helpful for more advanced disease. Its main role ahhis thaking



other forms of treatment better, or giving cancer patients a treatypigor that may be
less toxic than the usual treatments.

But researchers have made important progress in this field. Newerdntésitane now
being tested that seem to work better and will have a greater impact on the autlook f
people with cancer in the future.

What the immune system does

The immune system is your body's defense force. It helps keep invading gerors out
helps kill them if they do get into your body.

Your immune system is a collection of organs, special cells, and substancefpthat he
protect you from some infections and diseases. Immune system cells and thiecagbst
they make circulate through your body to protect it from germs that causeon$ec
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 irycande

body to use its resources to serve their own purposes, and they can hurt you in the
process. In fact, doctors often use the wiordign to describe invading germs or other

substances not normally present in the body.

The immune response

Any substance that raises an alarm in the body, causing the immune systerhtto rea
and attack it is called amtigen. This immune response can lead to destruction of both
the antigens and anything they are attached to, such as germs or eliscer c

Germs such as viruses, bacteria, and parasites have substances on theifaceer 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 gemsaincer

cells. Germs are very different from normal human cells and are seetlydsriign, but
cancer cells and normal cells can be very much alike, with fewer clear eneddés.
Because of this the immune system may not always recognize callsxasdereign.
Cancer cells are less like soldiers of an invading army and more likednaithin the

ranks of the human cell population. This may be why cancers are often able to grow in
spite of a healthy, working immune system.

Key players in your immune system

Your immune system responds to antigens in a highly coordinated process that uses many
types of cells.



Most cells of the immune system dyaphocytes, a type of white blood cell. Several
types of lymphocytes work together to attack cancer cells:

* B cells (B lymphocytes)
» T cells (T lymphocytes): killer T cells, helper T cells, regulaieyppressor) T cells

 Natural killer (NK) cells

Antigen-presenting cells (APCs) are not lymphocytes but work closely with them to fight
cancer. They take part of the foreign cell and carry it to where other immiseasel
"see" it. This helps stimulate the immune reaction. The 2 main groups of antigen-
presenting cells are:

» Monocytes and macrophages

» Dendritic cells

Other types of white blood cells, knownrasitrophils or granulocytes will not be
discussed in this document, but they also make up an important part of the immune
system. Their role is to fight and kill bacteria.

Lymphocytes

B cells and plasma cells

B cells (B lymphocytes) are made in the bone marrow, which is the spongy innefr part
some bones. After they are made, most B cells move to the lymph nodes, which are bean
sized collections of immune system cells found throughout the body. B cells dsxb col

in the lymph tissue contained in some internal organs such as the spleen, stomach, and
intestines.

B cells can't directly destroy germs or cancer cells by thems@&uethey play an
important role in immune defenses by makamgbodies, which are large, sticky
proteins. Each antibody is made to attach to a certain antigen.

When a B cell comes into contact with an antigen (on a germ or cancer ctdljtst
making antibodies and turns into a plasma &dsma cells release antibodies that bind
(attach) only to that antigen. The antibodies then help kill any cells that haveitfemant
The antibodies may destroy them directly or they may serve as a narkéndr

immune system cells, such as T cells, to destroy them.

T cells

Some lymphocytes that are formed in the bone marrow enter the bloodstream bgfore the
are fully mature. They go to the thymus (a small gland in front of the heart amdl biedi
breastbone), where they mature and gain new disease-fighting properties.

Once they leave the thymus gland, they are known as T lymphocytes or T cebisl (nam
for the T in thymus). T cells gather in the lymph nodes and spleen, where they work
together with other immune system cells. T cells have special proteins rosutti@ces



that allow them to recognize and react to parasites, cancer cells, andfeelied by
viruses, much like antibodies do.

There are 3 main kinds of T cells. They each have different jobs.

* Killer T cells (cytotoxic T lymphocytes) destroy unwanted cells in the body. When
these cells come in contact with the specific foreign cells they rexmgdhey give
off substances that kill the cells.

» Helper T cells do not directly kill cancer cells or germs, but they release substances
that help B cells and killer T cells work better.

» Regulatory (suppressor) T cells act as brakes to help keep the immune system in
check. They help ensure that the immune system does not overreact and attack other
healthy parts of the body. These are sometimes Chilkepcells.

Natural killer (NK) cells

Lymphocytes calledatural killer (NK) cells are not as picky as killer T cells in what
they attack. When fighting cancer, they are drawn to areas with cancdncells
substances given off by other cells. They attach to cancer cells argkreldstances that
split the cells open, killing them. They then look for other cancer cells to attack.

Antigen-presenting cells

The main function oéntigen-presenting cells (APCs) is to help lymphocytes recognize
antigens on foreign cells (including cancer cells). Antigen-presentilsgicelude
monocytes, macrophages, and dendritic cells.

Monocytes and macrophages

Monocytes are made by the bone marrow and released into the bloodstream. Some
monocytes enter tissues and organs. Here they become macrophages, capable of
surrounding and "eating" unwanted cells. They then present antigens from the devoured
cells on their outer surface, so that lymphocytes can recognize the foreggnaritithey

are found in the body later on. Both monocytes and macrophages can act as APCs to help
start an immune response.

Dendritic cells

Like monocytes and macrophages, dendritic cells find unwanted cells in the body, chew
them up, and present their antigens on their surfaces. They then travel to antarea wit
many lymphocytes, such as the lymph nodes or spleen. Here, they actiaite cert
lymphocytes to go out and attack any similar cells in the body. Dendriticacelfsot
common, but they are the most powerful type of antigen-presenting cell. Betthise o
they are the focus of many cancer vaccines currently being developed.



Types of immunotherapy

There are good reasons to think the immune system helps in the fight againstre@ncer
instance, people with weakened immune systems are more likely to get cantzens.

But many people with normal immune systems still develop cancer. This mayauséec
the immune system doesn't see the cancer cells as foreign. Often, thauiseithe

cancer cells (and their antigens) are not different enough from those of noltsal ce
Sometimes the immune system recognizes the cancer cells, but the resppnsé e
strong enough to destroy the cancer. Cancer cells themselves mayelsth g
substances that keep the immune system in check.

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

Immunotherapy works in 2 ways:

* Activeimmunotherapiestimulate your body's own immune system to fight the
disease.

 Passive immunotherapies use immune system components (such as antibodies) made
in the lab. They do not rely on your body to start the attack on the disease.

Another way that immunotherapies work is by targeting a certain typs oMost of the
immunotherapies being used today target one kind of cell or antjggenfiC
immunotherapies), but there are some that stimulate the immune systenral. Jdrese
are callechon-specific immunotherapies. Sometimes non-specific immunotherapies are
used with other treatments to help increase the attack on the cancer. Thesé kinds
treatments are generally only used along with other treatments, sar¢heslled

adjuvants.

There are other treatments, caltaheted therapies, that zero in on one type of cell and
don't tend to damage other cells. For more information see our docUiargated
Therapy.

Monoclonal antibodies

Monoclonal antibodies are the most widely used form of cancer immunotherapy.

Monoclonal antibody therapy uses antibodies that are made in the lab rather ghan by
person's own immune system. These treatments do not require the person's immune
system to start the fight against the cancer. Once the antibodies arelgyergr then
recruit other parts of the immune system to destroy the cancer cells.

The first monoclonal antibodies were made in the lab by fusing a myelomze(afty
bone marrow cancer) cell from a mouse with a mouse B cell that makeaia cert
antibody. The cell that results from this fusion is calléwfaidoma.

Combining a B cell that can recognize one special antigen and a long-livexhmayeell
makes the resulting hybridoma cell a long-lasting, antibody-makaigria Because the



antibodies made are all identical clones made from a single (mono) hybriedinthey
are calledmonoclonal antibodies (sometimes abbreviated as MoAbs or MAbs).

The first MAbs were made entirely from mouse cells. One problem with thiatishe
human immune system will see these antibodies as foreign (because theyae f
different species) and then will mount a response against them. This can ssetirse
allergic-type reactions. It also means that the antibodies may only keofikdt time they
are given; after that, the body's immune system is primed to destroy thane thefy can

be helpful.

Over time, researchers have learned how to replace some parts of these nilmage ant
proteins with human parts. Depending on how much of the MAb is human, these are
calledchimeric or humanized antibodies. Some MAbs are now fully human, which means
they are likely to be even safer and may be more effective than older MAbs.

An even newer approach uses fragments of antibodies instead of whole ones. Smaller
pieces may be better able to reach a tumor, which may make them mateeeffec

Over the past 10 years or so, the Food and Drug Administration (FDA) has approved
several MADbs to treat certain cancers, as seen in the table below.

Clinical trials of monoclonal antibody therapy are also being done on almostigvery
of cancer. As researchers have found more antigens that are linked to candey¢hey
been able to make monoclonal antibodies against more and more cancers.

Monoclonal antibodies used to treat cancer

MAb name Trade name | Used to treat: Approved in:
rituximab Rituxaff non-Hodgkin lymphoma 1997
chronic lymphocytic leukemia (CLL) 2010
trastuzumab Hercepfin |breast cancer 1998
stomach cancer 2010
gemtuzumab Mylotarg® |acute myelogenous leukemia (AML)  2000**
o0zogamicin*
alemtuzumab Campdth | chronic lymphocytic leukemia (CLL) 2001
ibritumomab tiuxetan* | Zevalif non-Hodgkin lymphoma 2002
tositumomab* Bexxat non-Hodgkin lymphoma 2003
cetuximab Erbitu& colorectal cancer 2004

head & neck cancers

2006




bevacizumab Avastth colorectal cancer 2004
non-small cell lung cancer 2006
breast cancer 2008
glioblastoma 2009
kidney cancer 2009
panitumumab Vectibi% colorectal cancer 2006
ofatumumab Arzerfa chronic lymphocytic leukemia (CLL) 2009
denosumab Xgeva™ cancer spread to bone 2010
ipilimumab Yervoy™ melanoma 2011
brentuximab vedotin* | Adcetris™ | Hodgkin lymphoma 2011
anaplastic large cell lymphoma (a type
of non-Hodgkin lymphoma)

* conjugated monoclonal antibodies

** gpproval withdrawn as of October 15, 2010; this drug is only available for use within a clinical trial
Two types of monoclonal antibodies are used in cancer treatments:

» Naked monoclonal antibodies are those without any drug or radioactive material
attached to them.

» Conjugated monoclonal antibodies are those joined to a chemotherapy drug,
radioactive patrticle, or a toxin (a substance that poisons cells).

Naked monoclonal antibodies

Naked MAbs are the most commonly used MAbs at this time. Although they all work by
attaching themselves to specific antigens, they can be helpful in diffesgat w

Markers for destruction

Some naked MADbs attach to cancer cells to act as a marker for the body's imneme sys
to destroy them. Antibodies now in use in this group include:

Rituximab (Rituxan): Rituximab is used to treat B-cell non-Hodgkin lymphoma,
chronic lymphocytic leukemia (CLL), and some other diseases. It is a monoclonal
antibody against the CD20 antigen, found on B cells. It works, in part, by labeling cells
so that the immune system can attack them.

Ofatumumab (Arzerra): Ofatumumab is another antibody against the CD20 antigen. It
is used mainly to treat chronic lymphocytic leukemia when other treatnremnts éonger
effective.



Alemtuzumab (Campath): Alemtuzumab is an antibody against the CD52 antigen,
which is found on both B cells and T cells. It is used to treat some patients with B-cel
chronic lymphocytic leukemia.

Activation blockers

Some naked MAbs don't really interact with a person's own immune system. Téets eff
come from their ability to attach to the specific antigens that are woplartg of cancer
cells or other cells that help cancer cells grow, and stop them from working. Thése MA
are also referred to &argeted therapies. Examples of FDA-approved MADbs of this type
include:

Trastuzumab (Herceptin): Trastuzumab is an antibody against the HER2/neu protein. A
large amount of this protein is present on tumor cells in some cancers. When HER2/neu
is activated, it helps these cells grow. Trastuzumab stops these proteife@mng

active. It is used to treat breast and stomach cancers that have large amitisits of
protein.

Cetuximab (Erbitux): Cetuximab is an antibody against the EGFR protein, which is
present in large amounts on some tumor cells and helps them grow and divide.
Cetuximab blocks the activation of EGFR. It is used to treat some advanced ablorect
cancers as well as some head and neck cancers.

Panitumumab (Vectibix): This MAb also targets the EGFR antigen. It is used to treat
some cases of advanced colorectal cancer.

Bevacizumab (Avastin):Bevacizumab targets the VEGF protein, which is normally
made by tumor cells to attract new blood vessels to feed their growth. Bevacizumab
attaches to VEGF, which blocks it from signaling for new blood vessels to form. This
MAD is used along with chemotherapy to treat some colorectal, lung, breast, and kidne
cancers, as well as glioblastomas (a type of brain tumor). It is being&fodiuse

against other cancers.

Antibodies that act in a different way

Denosumab (Xgeva)Denosumab binds to a protein calkRahk ligand. This protein is
made by cancer cells when they attack bone. This drug helps to stop casdhacell
have spread from destroying bone tissue.

Ipilimumab (Yervoy) : Ipilimumab does not bind to cancer cells. Instead it binds to
CTLA-4, an antigen that is found on both regulatory T cells (Treg cells) aatbxigt T
cells. It works in 2 ways. It lowers the numbers of Treg cells, which imesdakes the
brakes off the immune system, allowing it to fight the cancer. It also bindsotoxig T
cells, revving them up for action to kill cancer cells. For more information absut thi
drug, see the section "Other active specific immunotherapies."



Side effects of treatment with naked 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 usudjlyrfild and

are often more like an allergic reaction. If they do occur, it is most oftde tiei drug is

first being given.

Possible side effects can include:
* Fever
* Chills
» Weakness
* Headache
* Nausea
* Vomiting
* Diarrhea
» Low blood pressure

* Rashes

MADs can also have side effects that are related to the antigens they targettaioe,
bevacizumab targets new blood vessel growth, but this can also lead to side kéfects li
bleeding or poor wound healing. MAbs that target EGFR may cause acne-like skin rashe
on the face and chest.

Conjugated monoclonal antibodies

Conjugated MAbs are monoclonal antibodies that are attached to drugs, toxins, or
radioactive substances. The MADbs are used as homing devices to take these substance
directly to the cancer cells. The MAD circulates in the body until it carafrtdhook

onto the target antigen. It then delivers the toxic substance where it is needethisost
lessens the damage to normal cells in other parts of the body.

Conjugated antibodies may pack more of a punch than naked MAbs, and they often cause
more side effects. The side effects depend on which type of substance tiegtredato.

Conjugated MADbs are also sometimes referred tagged, |abeled, orloaded
antibodies. They can be divided into groups depending on what they are linked to.

» MAbs with radioactive particles attached are referred t@adislabeled, and therapy
with this type of antibody is known aadioimmunotherapy (RIT).

* MADbs with chemotherapy drugs attached are often referreddweamsl abel ed.

* MADbs attached to toxins are calledmunotoxins.



Radiolabeled antibodies

Two radiolabeled antibodies have been approved to treat cancer.

* Ibritumomab tiuxetan (Zevalin) delivers radioactivity directly to cancerous B
lymphocytes. It is used to treat B-cell non-Hodgkin lymphoma that has not responded
to standard treatment.

» Tositumomab (Bexxar)is used to treat certain types of non-Hodgkin lymphoma that
no longer respond to rituximab (Rituxan) or chemotherapy.

Aside from being used to treat cancer, radiolabeled antibodies can also buoged a
with special cameras to help find areas of cancer metastasis (Spréadbody. While
some radiolabeled antibodies such as ProstaScint (for prostate cancdm@érave
approved by the FDA, their role in helping to detect cancer has been very lsnitar.

Chemolabeled antibodies

The only chemolabeled antibody that has been approved by the FDA to treatisancer
brentuximab vedotin (Adcetris, formerly called SGN-35). This drug is made up of an
antibody that targets the CD30 antigen attached to a chemo drug called ntghomet
auristatin E. It is used to treat Hodgkin lymphoma and anaplastic larggnsphidma

that is no longer responding to other treatments.

Immunotoxins

Immunotoxins are made by attaching MAbs to bacterial toxins such as diphtixaria t
(DT) or pseudomonal exotoxin (PE40), or to plant toxins such as ricin A or saporin.

Immunotoxins have shown some early promise in shrinking a few cancers, payticular
lymphomas. But some major problems still need to be solved before this new form of
cancer treatment can be used more widely.

There are no immunotoxins approved for treating cancer at thisGemstuzumab
ozogamicin(Mylotarg) was approved for some time to treat some people with acute
myelogenous leukemia. It has a toxin caltaticheamicin, attached to an antibody

against the CD33 antigen, which is present on most leukemia cells. Further stuidies of
drug did not show that it helped patients live longer and the approval was withdrawn. It is
no longer available for use outside of a clinical trial.

Another immunotoxin, BL22, showed promising results in early studies against some
forms of chronic leukemia, even in patients who no longer responded to chemotherapy.
In early clinical trials, about 2 of 3 patients had complete responses toatmeeiné¢ (no
evidence of cancer) that lasted up to 2 years. A newer, improved version of this
immunotoxin, known as HA22 (CAT-8015), is now being studied.

Clinical trials of other immunotoxins are also being done in people with certain
leukemias, lymphomas, brain tumors, and other cancers.



Other immunotherapies containing toxins

Scientists are also studying toxins linked to hormone-like substancesgraiidt

factors. Many cancer cells have large numbers of receptors for growth factordron the
surfaces. This makes growth factors more likely to attach to thesehegllthbse cells
with fewer receptors. When these growth factor receptors are stahullaé cancer cells
reproduce and grow faster.

Researchers have learned how to attach growth factors to toxins. When ttrefgobovr-
toxin combination reaches the cancer cell's growth factor receptors, irsi@évpayload
of toxin to kill the cell. The concept behind these growth factor/toxin drugs is nkech li
that of immunotoxins. But because the toxin-carrying growth factor drugs domtairc
antibodies, they are not classified as immunotoxins.

The only growth factor/toxin currently approved by the FDAasileukin diftitox

(Ontak). It is the immune system protein known as interleukin-2 (IL-2) attached to a
toxin from the germ that causes diphtheria. Denileukin diftitox is used taatreag type

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

Cancer vaccines

Cancer vaccines have been studied for several decades, but advances id tiasdiel
been slower than for other forms of immunotherapy. They are still mostlyieegntal
treatments at this time.

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 viruses, baotbea
germs to start an immune response in the body. Getting the immune systeno ready t
defend against these germs helps it keep the germs from making people sick.

Some so-called "cancer vaccines" are designed to work the same wayafgle, new
vaccines against the human papilloma virus (HPV) help prevent cervical, lyaginar,
and anal cancer. Vaccines against hepatitis B virus (HBV) may lower some'pesgle
of getting liver cancer. But these vaccines don't target cancerthelstarget the viruses
that can cause these cancers.

True cancer vaccines are different from the vaccines that work againssvimstead of
preventing disease, they are meant to get the immune system to attacka ttisea
already exists.

A true cancer vaccine has cancer cells, parts of cells, or pure antigens. The vacc
increases the immune response against cancer cells that are alrgmsdligady. It may be
combined with other substances or cells cadldjdvants that help boost the immune
response even further.

Cancer vaccines are thought ofaave immunotherapies because they are meant to
trigger your own immune system to respond. Thespeeific because they should only



affect the cancer cells. These vaccines don't just boost the immune systeerat; ge
they cause the immune system to attack cells with one or more specdgfenannd
because the immune system has special cells for memory, it's hoped thagsheitr
help keep cancer from coming back.

At this time, only one true cancer vaccine has been approved by the FDA. Siptileuce
(Provenge®) is used to treat advanced prostate cancer. For this vaccine, whiteldood
(cells of the immune system) are removed from the patient's blood and exposed to a
protein from prostate cancer cells calfgdstatic acid phosphatase (PAP). These cells

are then given back to the patient by infusion into a vein (V). This process isepeat
twice more , 2 weeks apart, so that the patient gets 3 doses of cells. In the boelis the c
make other immune system cells attack the patient's prostate cancero@agide

effects include fever, chills, fatigue, back and joint pain, nausea, and headaehe. A f
men may have more severe symptoms, including problems breathing and high blood
pressure, which improves with treatment. When used in men with metastatic prostate
cancer that no longer responds to hormone therapy, the vaccine helps them liveamore t
4 months longer on average. Studies to see if this vaccine can help men with less
advanced prostate cancer are continuing.

Other cancer vaccines have shown some promise in clinical trials, but haveryet be
approved in the United States to treat cancer. Several types of cancersraceinew
being studied, with a few reaching late stage clinical trials.

Tumor cell vaccines

Tumor cell vaccines are made from actual cancer cells that have beemdetuioing
surgery. The cells are treated in the lab, usually with radiation, so they carmanbre
tumors. In most cases, doctors also change the cells in certain ways, aitihingy
chemicals or new genes, to make them more likely to be seen as foreignrogntiree
system. The cells are then injected into the patient. The immune systemzesogni
antigens on these cells, then seeks out and attacks any other cells with tgess Hrdt
are still in the body.

In some cases, doctors give the vaccine along with substances called adjustant
increase the immune response. The general boost that adjuvants give to the immune
system is meant to make the vaccine work better.

Some promising newer versions of these vaccines use tumor cells that drte fuse
dendritic cells, in the hope of further stimulating the immune system.

A possible advantage of tumor cell vaccines over antigen-based vaccirgbaikbs

the "Antigen vaccines" section) is that not all cancer antigens havédugehyet. Using
the whole tumor cell may expose the immune system to a large number of important
cancer antigens, including some that researchers have not yet recoghigeday make
them more effective.

The 2 basic kinds of tumor cell vaccines aunl ogous andallogeneic.



Autologous tumor cell vaccinesAutologous (pronounced aw-TAH-luh-gus) means
"coming from the self.” An autologous tumor cell vaccine is made from killedrtgedls
taken from the same person in whom they will later be used. In other words, cells are
taken from you (during surgery), the vaccine is made from them in a lab, and theecells a
injected back into you. Autologous cancer cells may be reinjected shortlgaitery,

or they may be grown in the lab or frozen and given later.

Although autologous tumor cell vaccines are promising, there are some potential
drawbacks:

* It can be expensive to create a new, unique vaccine for each patient.

» Cancer cells tend to mutate (change) over time, so an autologous tumor vaccine might
become less effective later if the cancer cells in your body change.

» Depending on the surgery and the size of your tumor(s), you may not have enough
usable cells in the removed tumor to make a vaccine, or there may not be enough for
re-treatment if the cancer starts growing again.

Because of these problems, researchers are also looking at ways ttucneateel|
vaccines that could work in any patient with that particular kind of cancer.

Allogeneic tumor cell vaccinesAllogeneic (pronounced a-loh-jeh-NAY-ik) means
"coming from another."” These vaccines use cells of a particular dgpeethat
originally came from someone other than the patient being treated.

Allogeneic vaccines are easier to make than autologous vaccines. Theyal&enoff-
the-shelf drugs than a vaccine made for just one person. The cells for the aaecine
grown in the lab from a stock of cancer cells kept for that purpose. Some altogenei
tumor vaccines use a mixture of cells that were removed from several patlentells
are treated and are usually injected along with one or more adjuvant substances to
stimulate the immune system.

Types of cancers for which tumor cell vaccines areeing studied

Although the FDA has not yet approved any tumor cell vaccines for generéhexsare
being studied in clinical trials against many types of cancer, including:

* Melanoma

* Kidney cancer

e Qvarian cancer

* Breast cancer

* Colorectal cancer
* Lung cancer

» Prostate cancer



* Non-Hodgkin lymphoma

e Leukemia

Antigen vaccines

Antigen vaccines boost the immune system by using only one antigen (or a teer), ra

than whole tumor cells that contain many thousands of antigens. The antigens aye usuall
proteins or pieces of proteins callegptides. Antigen vaccines may be specific for a

certain type of cancer, but they are not made for a unique patient like autolodjous ce
vaccines are.

Scientists have learned how to mass-produce many antigens in the lab. Takpcan
change these antigens to make them more easily recognized by the ingstane $his
new technology means that large amounts of these very specific antigens can now be
given to many patients.

Some antigens cause an immune response only in patients with a certain kind of cancer,
while others produce immune reactions to more than one kind of cancer. Scientists often
combine several antigens in a vaccine to try to get a stronger immune response.

Antigen vaccines are being studied to be used against these cancers, among others
» Breast cancer
* Prostate cancer
* Colorectal cancer
» Ovarian cancer
* Melanoma
* Kidney cancer
* Pancreatic cancer

* Multiple myeloma

Dendritic cell vaccines

Dendritic cells are special antigen-presenting cells (APCs) thatlheimmune system
recognize cancer cells. They break down cancer cells into smalles fiilededing
antigens), then hold out, or "present,” these antigens to T cells. This makeg fioeasie
the immune system cells to recognize and attack them. Dendritic celfean®s$t
effective APCs known.

Dendritic cell vaccines are autologous vaccines (made from the person in adyowilt
be used), and must be made individually for each patient. The process used to ereate the
is complex and expensive:



» Doctors remove some of the cells that grow into dendritic cells (from the blood) and
treat them in the lab to make them multiply and turn into dendritic cells. Thigesrea
many more dendritic cells than if they just used cells taken from the patent.
dendritic cells are then exposed to cancer cells or cancer antigens.

» Other methods are to change their genes so that they make their own antigens or to
fuse the dendritic cells with tumor cells. These procedures lead to dendi#iwitiel
cancer antigens on their surface.

» The dendritic cells are then injected back into the patient.

The dendritic cells that have cancer antigens on their surface are bltter laelp the
patient’s immune system recognize and destroy cancer cells that havarttigees on
them.

The dendritic cell vaccine approach has shown promise in tests in lab animals and in
some human studies. It is being studied for use in people with these and other cancers

* Prostate cancer

e Melanoma

* Kidney cancer

* Colorectal cancer
* Lung cancer

* Breast cancer

e Leukemia

* Non-Hodgkin lymphoma
Sipuleucel-T (Provenge), which is approved to treat advanced prostate cancer, is a
example of a dendritic cell vaccine.

Anti-idiotype vaccines

Every B cell or plasma cell makes only one kind of antibody. The unique part of each
type of antibody is called adiotype.

Antibodies are made when the immune system responds to antigens. But the immune
system also makes some antibodies that treat other antibodies like antigether |

words, sometimes the body makes antibodies against other antibodies. Scidmiss be
these antibodies against antibodies are important in helping to keep the immundrsystem
check.

Antibodies and antigens fit together like a lock and key. So an antibody to a particular
idiotype of another antibody (amti-idiotype) will usually look like the antigen that
triggered cells to make the antibody in the first place (like using the l@tktiismake an
extra key). Because the anti-idiotype antibodies look like the antigen and appiggr, fore



injecting them into the body causes the immune system to attack the anfediciiong
with the antigens themselves.

Scientists have learned how to make these anti-idiotype antibodies in the lalbam ey
used as part of a cancer vaccine because they look like the antigens on theetignoer
the patient's body. Therefore, they can trigger an immune response againstcifiat spe
cancer.

Researchers consider lymphomas to be the most promising targets fdicaygpiel

vaccines. This is because all lymphoma cells have unique antigen receptors not present
on normal lymphocytes or other normal cells of the body. These unique antigens can be
used to make lymphoma vaccines. Early studies of B-cell lymphoma vaccindseleave
promising.

DNA vaccines

When tumor cells or antigens are injected into the body as a vaccine, thegusayle
desired immune response at first, but they may become less effective ovditisne
because the immune system recognizes them as foreign and quickly distnoys
Without any further stimulation, the immune system often returns to its ngoreal (
vaccine) state of activity. To get around this, scientists have looked for @ \weyide a
steady supply of antigens to keep the immune response going.

DNA is the substance in cells that contains the genetic code for the prbtginsits

make. Cells can be injected with bits of DNA that code for protein antigens. WAis D

might be taken up by cells and instruct them to keep making more antigens. These types
of therapies are callddNA vaccines.

Scientists may be able to do this by removing some of your cells, treatingvitiem
DNA that codes for a certain antigen, and then returning them to you. The adtised c
would then make the antigen on an ongoing basis to keep the immune response strong.

DNA vaccines are now being studied in clinical trials for use against the fojowi
cancers, among others:

* Melanoma
* Leukemia
* Prostate cancer
* Head and neck cancers
Vector-based vaccines
These vaccines use special delivery systems (cators) to make them more

effective. They aren't really a separate category of vaccinexémple, 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 titer
make sure they can no longer cause disease.

Vectors may be helpful in making vaccines for a number of reasons. First, thidema
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. Many clinical trials of vectadr-base
vaccines are now under way.

Other active specific immunotherapies

Some forms of active immunotherapy are not considered cancer vaccinese¥accio
get the body's immune system to react to specific antigens, while these atiygethy
to boost specific parts of the immune system.

Lymphokine-activated killer cell therapy

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

a small number of killer T cells in a test tube with a cytokine (an immune sgstenth
factor) callednterleukin-2 (IL-2). After being returned to a patient's bloodstream, these
special cells, now calldgmphokine-activated killer cells (or LAK cells), are more
effective against cancer cells. Researchers are now testing seagsabwise these very
active cancer-fighting 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 UAEcbeliques. They

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

Tumor-infiltrating lymphocyte vaccine with interleukin-2

Researchers have found immune system cells deep inside some tumors and have named
these cellsumor-infiltrating lymphocytes (TILS). These cells can be removed from tumor
samples taken from patients and made to reproduce in the lab by treating the2wi

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

type of autologous vaccine (the same person is the donor and the recipient).

Success with TILs in lab animals has led researchers to try to increasgitbumor
activity of TILs. Treatments using TILs are being tested in clinicaktm people with
melanoma, kidney cancer, and other cancers.

In one study, researchers from the National Cancer Institute used ateefweque with
TILs in patients with advanced melanoma. After removing TILs from the body and



increasing their numbers, the researchers treated the patients witbticbapy to

reduce the numbers of other white blood cells in the body. When the TILs were given
back into the body, the tumors shrank in about half of the patients, and almost all of the
patients lived longer than expected. The results were promising, but the resgarc
weren't able to get TILs from all of the patients. This limited the tra#tsme

effectiveness, in that it couldn't be used for everyone.

More recently, the researchers took T cells from the blood of patients with advanced
melanoma. In the lab, they inserted genes into them that made them more likely to
recognize melanoma cells. When the T cells were injected back into thagdiief 11
had their tumors shrink, 2 of which went away completely for at least a year.

Suppressing regulatory T cells

Regulatory T cells normally act as brakes to help keep the immune systeetkn They

help keep it from overreacting and attacking normal cells in the body. But thegisoay

slow the immune system's ability to attack cancer cells. Researelverstihdied whether
suppressing these cells might allow the immune system to be more effecthat aga

cancer. This is, in part, how ipilimumab (Yervoy) works. Ipilimumab is a monoclonal
antibody that targets CTLA-4, a protein on some T-cells that normally helps them
suppress the immune response. This drug suppresses regulatory T cells ate$ activa
cytotoxic T cells. In studies of advanced melanoma, it caused tumors to shrink and helped
patients live longer. Still, taking some of the brakes off the immune systemead to

some serious side effects, such as autoimmune diseases.

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 moxetyaeipainst
cancer cells.

Some non-specific immunotherapies can be given as treatments. Otherslare use
adjuvants (along with a main treatment) to boost immune system function to improve
how well another therapy (such as a vaccine) works. And some immunotherapies are
used by themselves against some cancers and as adjuvants against others.

Cytokines

Cytokines (pronounced SY-toh-kines) are chemicals made by immune system cells. They
have a crucial role in regulating the growth and activity of other immunersylls and
blood cells.

Some cytokines are used to lessen the side effects of other treatments such a
chemotherapy. Man-made versions of cytokines can help the bone marrow make more



white blood cells, red blood cells, or platelets when their levels in the body hase gott
too low. While this is important in cancer treatment, it isn't truly immunotlgerap

But man-made versions of cytokines can also be given along with tumor vagsines
adjuvants or given alone to boost the immune system.

Cytokines are given as injections, either under the skin, into a muscle, or into &heei
most common ones are discussed here.

Interleukins

Interleukins are a group of cytokines that act as chemical signalsdoeivirte blood
cells. When interleukin-2 (IL-2) was approved by the FDA in 1992 to treat advanced
kidney cancer, it became the first true immunotherapy approved for useratoggting
cancer. Since that time, it has also been approved to treat people with metastatic
melanoma.

IL-2 can be used as a single drug treatment for these cancers, or it paytieed with
other forms of immunotherapy, such as vaccines. IL-2 helps immune systegraells
and divide more quickly.

Using IL-2 with chemotherapy or with other cytokines (such as interfdfajpraay
make these treatments more effective against some cancers. Bdetb#ests of the
combined treatment are also increased.

Side effects of IL-2 may include flu-like symptoms such as chills, feveguigtand
confusion. Most people gain weight. Some have nausea, vomiting, or diarrhea. Many
people develop low blood pressure, which can be treated with other medicines. An
abnormal heartbeat occurs in less than 1 in 10 patients. Chest pain and serious heart
problems are rare. Because of these potentially serious side effdci®,isf given in

high doses, it must 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

This family of cytokines, first discovered in the late 1950s, helps the body ressst vi
infections and cancers. The types of interferon (IFN) are named afterstii IBtters of
the Greek alphabet: IFN-alfa, IFN-beta, and IFN-gamma. Althoudghtgfles of
interferon are FDA approved to treat health conditions, only IFN-alfa is asesht
cancer. Not all of its actions are well understood, but it may work by:

* Directly slowing the growth of cancer cells

 Slowing downangiogenesis, the growth of new blood vessels that tumors must have
in order to grow



» Causing cancer cells to produce more antigens, making them easier fomineeim
system to see and destroy

» Boosting the cancer cell-killing ability of natural killer (NK) ceind of other
immune system cells that attack cancer with help from antibodies

The FDA has approved IFN-alfa for use against these cancers:
 Hairy cell leukemia
» Chronic myelogenous leukemia
* Follicular non-Hodgkin lymphoma
» Cutaneous (affecting the 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 ecreas
the risk of infection), skin rashes, and thinning hair. These side effects can @ aader
make treatment with interferon hard to tolerate for many people.

Most side effects do not last long after the treatment stops, but fatigue dandest
Other rare long-term effects include damage to nerves, including those naitharid
spinal cord.

Granulocyte-macrophage colony-stimulating factor

Granulocyte-macrophage colony-stimulating fa§®M-CSF) is a cytokine/growth

factor that causes the bone marrow to make more of certain types of imrateme sglls

and blood cells. This includes monocytes, macrophages, and dendritic cells. It also boosts
the production of other blood cells. A man-made version (also known as sargramostim or
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-O8ifr¢ 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.

Adjuvants other than cytokines

Many other compounds are known to boost the activity of the immune system and are
now being studied as possible adjuvants, particularly for use with vaccine therapies



Some of the most commonly studied adjuvants are listed below, but many more are being
developed.

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 BCG useful as a form of cancer immunotherapy. BCG was one afidst ea
immunotherapies used against cancer and it is still being used today. It isppAed
as a routine treatment for early stage bladder cancer.

Its usefulness in other cancers as an adjuvant is also being tested. Resaaedbeking
at injecting BCG to give an added boost to the immune system when using
chemotherapy, radiation therapy, or other types of immunotherapy.

Keyhole limpet hemocyanin

Keyhole limpet hemocyanin (KLH) is an adjuvant used to boost the effectiveness of
cancer vaccine therapies. It is extracted from a type of sea erealated to the snail.

Incomplete Freund's adjuvant

Incomplete Freund's adjuvant (IFA) is given together with some expdahtkarapies

to help stimulate the immune system and to increase the immune response to cancer
vaccines. IFA is a water-in-oil emulsion that stimulates the T-celiune response to
antigens.

QS-21

QS-21 is a fairly new immune stimulant made from a plant extract that sesréze
immune response to some cancer vaccines.

DETOX ™

DETOX is an adjuvant made from parts of the cell walls of bacteria and a kiatitbat
also comes from bacteria. Since it was first made, other types have éatea dry using
other methods, such as DETOX-B and DETOX-PC, one of which has been named
Melaciné It is used with various immunotherapies to boost the immune system.

Dinitrophenyl

Dinitrophenyl (DNP) is a small molecule that can attach to tumor antigertsoast
immune response. It is used to modify tumor cells in certain cancer vaccines.

Immunomodulating agents

Immunomodulating agents are drugs that affect the immune system in a nidie-spec
way, similar to cytokines. The following drugs are different from cytokingkat they



are not naturally found in the body. It is also not clear exactly how they dféect t
immune system.

Thalidomide

The drug thalidomide (Thalonfiiwas first used as a sedative in the 1950's. When it was
found to cause birth defects, it was taken off the market. Later, it becarfabkevagain

as a treatment for multiple myeloma and other cancers. Side effectsddride

include drowsiness, fatigue, severe constipation, and neuropathy (painful nerve damage).
The neuropathy can be severe, and may not go away after the drug is stopped. There i
also an increased risk of serious blood clots (that start in the leg and carottaeel t

lungs). Because thalidomide causes severe birth defects if taken duringpyeginia

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 other cancers. The most common side effects of lendkdanai

low platelet and low white blood cell counts. It can also cause painful nerve darhage.
risk of blood clots is not as great as that seen with thalidomide, but it is sehgea.

Like thalidomide, access to lenalidomide is tightly controlled out of concern about
possible serious birth defects.

Clinical trials

You may have had to make a lot of decisions since you've been told you have cancer.
One of the most important decisions you will make is choosing which treatment is best
for you. You may have heard about clinical trials being done for your typeoéicaOr
maybe someone on your health care team has mentioned a clinical trial to you.

Clinical trials are carefully controlled research studies that are wah patients who
volunteer for them. They are done to get a closer look at promising new treatments or
procedures.

If you would like to take part in a clinical trial, you should start by asking goctor if

your clinic or hospital conducts clinical trials. You can also call our clitiizds

matching service for a list of clinical trials that meet your medicatiseYou can reach

this service at 1-800-303-5691 or on our Web site at www.cancer.org/clinicaltrials. You
can also get a list of current clinical trials by calling the Nati@zaicer Institute's

Cancer Information Service toll-free at 1-800-4-CANCER (1-800-422-6237) or by
visiting the NCI clinical trials Web site at www.cancer.gov/clinicals.

There are requirements you must meet to take part in any clinicalftyial do qualify
for a clinical trial, it is up to you whether or not to enter (enroll in) it.



Clinical trials are one way to get state-of-the art cancer tedatfithey are the only way
for doctors to learn better methods to treat cancer. Still, they are not rigivefyone.

You can get a lot more information on clinical trials in our document c@llietcal
Trials: What You Need to Know. You can read it on our Web site or call our toll-free
number (1-800-227-2345) and have it sent to you.

Immunotherapy for specific cancers

The FDA has approved a number of cancer immunotherapies, including Bacille
Calmette-Guérin (BCG), interferon-alfa (IFN-alfa), interleuRiglL-2), the sipuleucel-T
(Provenge) vaccine, and several monoclonal antibodies.

Many other immunotherapies have shown promising results and are moving through the
testing process in clinical trials. The cancers listed here are lhadigdmost
intensively, but treatments for other cancers are also being looked at.

Breast cancer

In terms of immunotherapy, only monoclonal antibodies (MAbs) have been approved for
use against breast cancer so far. But many other forms of treatmbatraystudied.

Approved

» The MAD trastuzumab (Herceptin) is used in women with breast cancer whose cancer
cells have too many copies of the HER2/neu gene. These genes make eptoasrece
for growth-stimulating factors on the cells, which results in a more ajgee®rm of
breast cancer. Trastuzumab attaches to the receptors, blocking the atiess of
growth factors to the cancer cells and slowing their growth. Other HER2/neu
antibodies are now being studied in clinical trials.

* Bevacizumab (Avastin), a monoclonal antibody that slows blood vessel growth in
tumors, has been used along with chemotherapy in some women with advanced
breast cancer.

Being studied

* A conjugated MADb, known as trastuzumab-DM1 (or T-DM1) combines the
trastuzumab (Herceptin) antibody with a chemo drug. It has shown promiseyin earl
studies of women whose breast cancer is no longer responding to trastuzumab alone.

» Autologous vaccine therapy has lengthened remission and survival times of some
women with early breast cancer. This approach is being studied further.

* A HERZ2/neu peptide (a small part of the protein made by the HER2/neu gene), 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.



» Other specific antigen vaccines are also promising. These vaccines asé alrays
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

Infection with the human papilloma virus (HPV) plays an important role in causing
cervical cancer. HPV vaccines are now approved for use to help prevent canesl c
Other vaccines that may help treat this cancer are now being testedcal ¢tials.

Approved

* Some HPV vaccines are like more traditional vaccines, which work against
infections. They are intended to make women immune to some types of HPV, so that
when they are exposed to these viruses they will not develop long-term infections.
Most cervical cancers may be prevented, if persistent HPV infection is dyoide
vaccines (Garda$iland CervariX) can protect against most infections from the 2
types of HPV that cause 70% of cervical cancers. These vaccines are urdgdnma
girls and young women, although Gardasil is approved for use in boys and young
men as well (to help prevent genital warts and other cancers).

Under study

» Other vaccines are now being studied to help women who already have advanced
cervical cancer. These vaccines try to cause an immune reaction to the fraats of
virus that contribute to the growth of cervical cancer cells. This may Kill theicanc
cells or stop them from growing.

Colorectal cancer

Several monoclonal antibodies are now used to treat colorectal cancer.| @Gl@icare
also using vaccines and many other immunotherapies as adjuvants to surgery, with and
without chemotherapy.

Approved

» Bevacizumab (Avastin) is a monoclonal antibody against vascular endotheligh grow
factor (VEGF). By attacking VEGF, the antibody stops tumors from beirgtabl
form new blood vessels. It is used along with chemotherapy against advanced
colorectal cancer.

» Cetuximab (Erbitux) is a monoclonal antibody that attacks the epidermal growth
factor recepto(EGFR), which normally signals cancer cells to grow and divide. It is
used against advanced colorectal cancer, usually along with chemotherappléen pe
whose cancer is no longer responding to other treatments.



» Another monoclonal antibody, panitumumab (Vectibix), also targets EGFR. Unlike
cetuximab, this MAb has no parts that come from a mouse, so it may be less likely to
cause an allergic reaction when it is given. Panitumumab is used to treatemblvanc
colorectal cancer.

Being studied

* A number of autologous and allogeneic tumor cell vaccines have shown early
promise, but so far none have improved patient survival time.

» Some carcinoembryonic antigen (CEA) vaccines have improved the immune
response (measured by blood tests) in a large percentage of colore@apedients,
but the studies have not been going on long enough to see whether this improves
remission or survival times.

Kidney cancer

Immunotherapy has been studied a great deal for advanced kidney cancer, least in pa
because other treatments like chemotherapy often have not been helpful.

Approved

» Two cytokines, IL-2 and IFN-alfa, are treatment options for people withnadda
kidney cancer.

» Bevacizumab (Avastin), a monoclonal antibody that slows blood vessel growth in
tumors, is approved for use against kidney cancer.

Being studied

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

* Researchers are studying DNA vaccines that insert genes (segm@hta)ohto
cancer cells, causing the cells to make cytokines. These cytokines hetprthied
system recognize the cancer cells and also help activate immune sgi$atm ¢
attack those cells.

» Tumor-infiltrating lymphocytes (TILs) are also being studied to fight kidtacer.
They can be removed from the body and stimulated in the lab by cytokines. When put
back into the body, they become more effective than untreated cells from the
bloodstream.

Leukemias, lymphomas, and myelomas

Several immunotherapies are now used to treat these blood cell cancers, antbneany
are being studied.



Approved

* Interferon-alfa can be used to treat people with hairy cell leukemia, chronic
myelogenous leukemia, follicular lymphoma, multiple myeloma, and cutaneous
(skin) T cell lymphoma. In some cases, interferon is used along with chenpgthera

* Denileukin diftitox (Ontak), a combination of IL-2 and diphtheria toxin, is sometimes
used to treat cutaneous T cell lymphoma.

* Rituximab (Rituxan), a monoclonal antibody (MAD), is used to treat some kinds of B
cell non-Hodgkin lymphoma and chronic lymphocytic leukemia. Clinical trials are
currently testing rituximab against other lymphomas, leukemias, multipllomge
and other diseases.

* Ibritumomab tiuxetan (Zevalin) and tositumomab (Bexxar) are radiolabeled
monoclonal antibodies used to treat non-Hodgkin lymphoma, usually in people who
aren't helped by other treatments such as chemotherapy or rituximab r& neyva
being tested to see if they might be helpful earlier in the course of this disease

» Alemtuzumab (Campath) is an antibody used to treat B-cell chronic lymphocytic
leukemia (CLL).

» Ofatumumab (Arzerra) is an antibody used to treat CLL, usually in people whose
leukemia is no longer responding to other treatments. It is also being studied for use
in other types of cancer.

» Thalidomide (Thalomid) and lenalidomide (Revlimid) are immunomodulating agents
that are used to treat multiple myeloma.

» Brentuximab vedotin (Adcetris or SGN-35) is an antibody that targets the CD30
antigen, attached to a chemo drug called monomethyl auristatin E. It is apfpwove
treat refractory Hodgkin lymphoma and anaplastic large-cell lymphoma.

Being studied

» Several other MADbs are being studied in clinical trials for people with leakemi
lymphoma, and multiple myeloma.

 Anti-idiotype vaccines have shown promising results in clinical trialsxagB-cell
non-Hodgkin lymphomas, but are not yet FDA approved.

Lung cancer

Better treatments are needed for lung cancer, especially for advanaeskdise
Immunotherapy may help people live longer without the severe side effectsreemeti
seen with chemotherapy. Thus far, only monoclonal antibodies have been approved for
use against lung cancer, although many other forms of immunotherapy arsthdiag.



Approved

* The monoclonal antibody bevacizumab (Avastin) slows the growth of tumor blood
vessels by targeting the VEGF protein. For some patients with non-sihklhge
cancer (NSCLC), adding it to standard chemotherapy may help them live lbager t
chemotherapy alone.

Being studied

« StimuvaxX (BLP25) is a peptide (antigen) vaccine that is encased in a fat droplet
(liposome) to make it work better. A small study of patients with advanced NSCLC
suggested it might improve survival time. Larger studies are needed to cdméirm t

Melanoma

Melanoma is probably the most-studied cancer when it comes to immunotherapy. Par
this is because doctors think this cancer may be more vulnerable to immune system
responses. In rare cases, these cancers have been seen to shrink or evenwiidepear
treatment. It is thought that this may be because of an effective immune eebgdhe
body.

Another reason immunotherapy has been studied more in melanoma is because other
treatments, like chemotherapy, don't work as well against this cancey a® tfee most
cancers.

Approved

» The cytokines IFN-alfa and IL-2 are approved to treat people with metastati
melanoma.

* Ipilimumab (Yervoy) is approved to treat advanced melanoma.

Being studied

» Although no melanoma vaccines are FDA-approved yet, recent studies have found
that some autologous and allogeneic tumor cell vaccines, as well as antigees;ac
have 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.
Studies continue.

» A small study showed that treating patients with tumor-infiltratingpllyotytes
(TILs), immune system cells found in tumors, could shrink melanoma tumors and
possibly prolong life too. More studies using TILs are being done now. Another study
found that T cells from the blood that had their genes altered in the lab caused tumors
to shrink in a small number of patients.



» Very early study results have suggested that suppressing regulatelty With
denileukin diftitox (Ontak) can allow the immune system to fight cancensrpett
making some tumors shrink. A current study is looking to see if combining Ontak
with a vaccine will help the vaccine work better.

* Clinical trials are continuing for these and other melanoma immunotherapies.

Ovarian cancer

Immunotherapy is not used routinely to treat ovarian cancer. Several types of
immunotherapy, including cancer vaccines and MADbs, are now being studied.

» The monoclonal antibody bevacizumab (Avastin) slows the growth of tumor blood
vessels by targeting the VEGF protein. It can slow the growth of advancedmovari
cancer, although it's not yet clear if it helps women live longer.

* Injection of interleukin-2 (IL-2) directly into the peritoneal cavity (thet jpdithe
belly that contains the ovaries, uterus, and digestive organs) of women withmecurre
ovarian cancer is being studied. Early studies suggest the treatment maseiticeca
length of remissions (periods of time with no signs of cancer) after surgery.

* Placing tumor-infiltrating lymphocytes (TILs) along with interleukin-gedtly into
the peritoneal cavity has also shown promise and is being studied.

* A monoclonal antibody that attaches to certain antigens on both ovarian cancer cells
and to certain spots on T cells (a bi-specific antibody) has shown promise when used
with IL-2. The antibody causes T cells to bind to and attack the cancer cells.

* Early studies have shown that radiolabeled MAbs against ovarian cancer may hel
more women live longer.

» Several forms of antigen vaccines are being studied to treat ovariam. cance

Prostate cancer

Immunotherapy has not been a routine part of treating prostate cancerritedtnse

may change with the approval of sipuleucel-T (Provenge). Most other prosteés ca
immunotherapies now being studied are vaccines. They are designed to cause immune
responses to antigens present only on prostate cells, such as prostateasyigmsfic

(PSA) and prostate-specific membrane antigen (PSMA).

Approved

* For sipuleucel-T (Provenge), white blood cells are removed from a patient's
bloodstream and treated in the lab with a prostate cancer antigen and other esibstanc
to become dendritic cells. When put back in to the patient, the dendritic cells can
show this antigen to other immune system cells, which are then better able to



recognize and attack the cancer cells. When used to treat men with hormone-
refractory prostate cancer, this vaccine helped them live longer.

Being studied

* GVAX is an autologous whole cell vaccine. It is made by removing candeifrogh
the patient during surgery and modifying them in the lab to express GM-CSHp(to he
stimulate the immune system). The cells are irradiated so they can'agyawore.
They are then injected back into the patient to cause an immune response. Early
studies of patients with advanced prostate cancer that no longer responded to
hormone therapy have shown some promising results in terms of survival time. This
vaccine is now being tested against the current standard chemotherapyregime
prostate cancer.

* Researchers also are looking into using a part of the prostate-spatien (called a
peptide) as the basis of a vaccine.

* DNA vaccines, monoclonal antibodies, and cytokines have also shown promise and
are being tested in clinical trials.

Additional resources

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 (alsalbde an
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
Web site: www.cancer.gov

*Inclusion on thislist does not imply endorsement by the American Cancer Society.



No matter who you are, we can help. Contact us anytime, day or night, for calateal-r
information and support. Call us Bi800-227-234%r visit www.cancer.org.

References

Ault KA, Future Il study group. Effect of prophylactic human papillomavirus L1 virus
like-particle vaccine on risk of cervical intraepithelial neoplasia grageade 3, and
adenocarcinoma in situ: a combined analysis of four randomised clinicalltaiatst.
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 7. Hamilton, 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 thedapln Oncol.
2011;29:398-405.

Chen R, Gopal AK, Smith SE, et al. Results of a pivotal phase 2 study of brentuximab
vedotin (SGN-35) in patients with relapsed or refractory Hodgkin lymphBload
(ASH Annual Meeting Abstracts), Nov 2010;116:283.

Chesney J, Rasku M, Clem A, Miller D. Denileukin diftitox depletes T regulatety
and causes regression of melanoma metastases in humans [abBsiraaflancer 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 pegtitie-bas
vaccine.Clin Cancer Res. 1999;5:1289-1297.

Dudley ME, Wunderlich JR, Robbins PF, et al. Cancer regression and autoimmunity in
patients after clonal repopulation with antitumor lymphocysei®nce.
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, ed<Cancer 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 canGancer. 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 7. Hamilton, 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 Med. 2010;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;85:2160-2169.

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

Morgan RA, Dudley ME, Wunderlich JR, et al. Cancer regression in patients after
transfer of genetically engineered lymphocyfesence. 2006;314:126-129.

Morse MA, Clay TM, Lyerly HK.Handbook of Cancer Vaccines. Totowa NJ: Humana
Press, 2004.

Nemunaitis J, Sterman D, Jablons D, et al. Granulocyte-macrophage colonyistgnula
factor gene-modified autologous tumor vaccines in non-small-cell lung cdridatt.
Cancer Inst. 2004;96:326—-331.

Restifo NP, Robbins PF, Rosenberg SA. Principles of immunotherapy. In: DeNita V
Hellman S, Rosenberg SA, e@ancer: Principles and Practice of Oncology. 8th ed.
Philadelphia, Pa: Lippincott Williams & Wilkins;2008:351-368.

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

Robinson MK, Borghaei H, Adams GP, Weiner LM. Monoclonal antibodies. In: DeVita
VT, Hellman S, Rosenberg SA, e@ancer: Principles and Practice of Oncology. 8th
ed. Philadelphia, Pa: Lippincott Williams & Wilkins;2008:537-548.

Salgaller ML. Immune adjuvants. In: Rosenberg SARethciples and Practice of the
Biologic Therapy of Cancer. 3rd ed. Philadelphia, Pa: Lippincott Williams &
Wilkins;2000:584-601.

Last Medical Review: 3/29/2011
Last Revised: 8/23/2011

2011 Copyright American Cancer Society

For additional assistance please contact your American Cancer Society

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




