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What we’ll cover here

This document reviews bone marrow transplants and different types of sterarcgldants used
to treat cancer. We’'ll outline what stem cells do, why people need transpladitshat a
transplant is like for most people. We'll also cover some of the issues that cdmeangplants,
and what it's like to donate stem cells.

What are stem cells and why are they
transplanted?

All of the blood cells in your body start out as young (immature) cells dadledhtopoietic stem

cells. (Hematopoietianeans blood-forming, and is pronountedmuh-toe-poiET-ick.) Even

though they are callestem cellsthey arenot the same as the embryos’ stem cells that are studied
in cloning and other types of research. Here, the words stem cells refer to blnotferem

cells.

Stem cells mostly live in the bone marrow (the spongy center of certain) pahese they divide

to make new blood cells. Once blood cells mature, they leave the bone marrow and enter the
bloodstream. A small number of stem cells also get into the bloodstream. Thealéedre c
peripheral blood stem cells

Stem cell transplants are used to restore the stem cells when the bove maarleen destroyed
by disease, chemotherapy (chemo), or radiation. Depending on the sourceahtbells, this
procedure may be calledbane marrow transplantperipheral blood stem cell transplardr a
cord blood transplantThey can all be callddematopoietic stem cell transplants

Today hundreds of thousands of patients have had stem cell transplants. Transpsaatdeam
better able to care for transplant patients and doctors know more about which padikkebyaio
have better results after transplant.



What makes stem cells so important?
Stem cells make the 3 main types of blood cells: red blood cells, white blood cells,taledspla

We need all of these types of blood cells to keep us alive. And for these blood cells to do their
jobs, you need to have enough of each type in your blood.

Red blood cells (erythrocytes)

Red blood cells (RBCs) carry oxygen from the lungs to all of the cells in the dadiyhen bring
carbon dioxide back from the cells to the lungs to be exhaled. A blood test dalechtocrit

shows how much of your blood is made up of RBCs. The normal range is about 35% to 50% for
adults. People whose hematocrit is below this level haeenia This can make them look pale

and feel weak, tired, and short of breath.

White blood cells (leukocytes)

White blood cells (WBCs) are a crucial part of the immune system. TheyYidied infections
caused by bacteria, viruses, and fungi.

There are different types of WBCs. Neutrophils are the most importanntfigating bacterial
infections. The absolute neutrophil count (ANC) is a measure of the neutrophils iolgod.
When your ANC drops below 1,000 per cubic millimeter (1,000/mm3) you tawveopeniaand
you have a higher risk of serious infection. The danger is greatest wheralevietdow 500/mm3.

Stem cells make another type of white blood cell cdftetbhocytesThere are different kinds of
lymphocytes, such as T lymphocytes (T cells), B lymphocytes (B catid)natural killer (NK)
cells. Some lymphocytes make antibodies to help fight infections. The body depends on
lymphocytes to recognize its own cells and reject cells that don’t belonghodigesuch as
invading germs or cells that are transplanted from someone else.

Platelets (thrombocytes)

Platelets are pieces of cells that seal damaged blood vessels and helpdb)dmdhcbf which are
important in stopping bleeding. A normal platelet count is usually between 150,000/culaicdnm
450,000/cubic mm, depending on the lab that does the test. A person whose platelet count drops
below normal is said to havkRrombocytopeniaand may bruise more easily, bleed longer, and

have nosebleeds or bleeding gums. Spontaneous bleeding (bleeding with no known imjury) ca
happen if a person’s platelet count drops lower than 20,000/mm3. This can be dangerous if
bleeding occurs in the brain, or if blood begins to leak into the intestine or stomach.

More information on blood counts and what the numbers mean is available in our document called
Understanding Your Lab Test Results

Why would someone need a stem cell transplant?

Stem cell transplants are used to replace bone marrow that isn’t working oehakebtoyed by
disease, chemo, or radiation. In some diseases, like leukemia, aplastic, @eeiaiiainherited
blood diseases, and some diseases of the immune system, the stem cells in therbangomiar
work the way they should.



Damaged or diseased stem cells can make too few blood cells, too few immyra tatisnany
abnormal cells. Any of these problems can cause the body to not have enough normal red blood
cells, white blood cells, or platelets. A stem cell transplant may helpctthese problems.

In some cancers, such as certain leukemias, multiple myeloma, and sgoheryas, a stem cell
transplant can be an important part of treatment. It works like this: high dogesnud,ovhich is
sometimes given with radiation, work better than standard doses to kill cangeBuaehigh doses
can also cause the bone marrow to completely stop making blood cells, which we need to live
This is where stem cell transplants come in. The transplanted cells réydmalt’'s source of
blood cells after the bone marrow and its stem cells have been destroyed bgttherit. This
transplant lets doctors use much higher doses of chemo to try to kill all of the calfsce

A stem cell transplant from another person can also help treat certaiotyeser in a way
other than just replacing stem cells. Donated cells can often find and kill cafisébetter than
the immune cells of the person who had the cancer ever could. This is called the€igad-
cancer” or “graft-versus-leukemia” effect. It means that aekaids of transplants actually help
fight the cancer cells, rather than simply replacing the blood cells.

Thinking about a stem cell transplant

It's a tough decision. Although a stem cell transplant can help some patientgj\évgrsome
cancer patients a chance for a cure, making up your mind to have a transplaaisigniike
everything in medicine, you make the final choice as to whether or not you'll lsemaell
transplant. Your cancer care team compares the risks linked with the carceelsses the risks
of the transplant procedure, and will discuss the expected risks and benefitsuwitlingy may
also talk with you about other options like chemotherapy, radiation, or clinicalftsrajour
disease. Transplants have serious risks, and patients can die from complicatictagd lo¢ the
disease, patient’s age, time from diagnosis to transplant, donor type, and thés patexatl
health are all part of weighing the pros and cons before making the decision.

You'll want to ask a lot of questions to be sure you understand what'’s likely to happen. Some
people bring a friend or family member to help them remember what the doctarspidra team
says, remind them of questions they had, and take notes. Some people prefer to record these
conversations, if the doctor or nurse is OK with that and agrees to it.

Be sure to express your concerns and ask for clarification if you avea’hew something will
affect you. Make sure the doctor knows what's important to you, too. This is a congplicate
process, and you’ll want to find out as much as you can and plan ahead before you start.

Many people ask for a second opinion before they decide to have a stem cell tralt'splant
important to know about the success rate of the planned transplant based on your diagnosis and
your stage in treatment. In general, transplants tend to work better ifetlieyie in early stages of
disease or when you are in remission, when your overall health is good. Ask aboudtwase f

and how they affect the expected outcomes of your transplant or other treatment.

Also, call your health insurance company to ask about reimbursement for a secoowl logiore
you go. You might also want to talk with them about your possible transplant, and ask which
transplant centers are covered under your insurance. See also “Cost of transfi@nsection
“Other transplant issues.”



Weigh the risks before transplant

Despite the possible short-term problems and those that can crop up after aevhikelst
transplant has been used to cure thousands of people with otherwise deadly cahdbes. St
possible risks and complications can threaten life, too. The expected risks and nenstfibe
weighed carefully before transplant. Research today is being done to not amly taecer, but
also to improve transplant methods and reduce the risks.

Types of stem cell transplants for treating cancer

In a typical stem cell transplant for cancer very high doses of chemo drefiea along with
radiation therapy, to try to destroy all the cancer cells. This tregataso kills the stem cells in the
bone marrow. Soon after treatment, stem cells are given to replace thageréhdéstroyed.
These stem cells are given into a vein, much like a blood transfusion. Over tinsetttein the
bone marrow and begin to grow and make healthy blood cells. This process igngibgftinent

There are 3 basic types of transplants. They are named based on who gives ttedist
« Autologougaw-tahl-uh-gus)—thecells come from you

* Allogeneic(al-o-jenNEE-ick or al-0-jenNAY -ick)—the cells come from a matched related or
unrelated donor

« Syngeneig¢sin-jen-NEE-ick or sin-jen-NAY -ick)—the cells come from your identical twin or
triplet

Autologous stem cell transplants

These stem cells come from you alone. In this type of transplant, your ste@redbken before
you get cancer treatment that destroys them. Your stem cetlsnaoged, oharvestedfrom

either your bone marrow or your blood and then frozen. To find out more about that process,
please see the section “What’s it like to donate stem cells?” After ydugipedoses of chemo
and/or radiation the stem cells are thawed and given back to you.

One advantage of autologous stem cell transplant is that you are getimgn cells back.
When you donate your own stem cells you don’t have to worry about the graftragtgokr body
(graft-versus-host disease) or about getting a new infection from anotheam.d&us there can still
be graft failure, and autologous transplants can’t produce the “graft-verstes-caffect.

This kind of transplant is mainly used to treat certain leukemias, lymphomas, angdemulti
myeloma. It's sometimes used for other cancers, like testicular camtereuroblastoma, and
certain cancers in children. Doctors are looking at how autologous transplants mightilie
treat other diseases, too, like systemic sclerosis, multiple sclerass) disease, and systemic
lupus erythematosis.

Getting rid of cancer cellsin autologoustransplants

A possible disadvantage of an autologous transplant is that cancer cells piekeldeup along
with the stem cells and then put back into your body later. Another disadvantage/@ithat



immune system is still the same as before when your stem cellstefigeatancer cells were able
to grow despite your immune cells before, and may be able to do so again.

To prevent this, doctors may give you anti-cancer drugs or treat youcstisnn other ways to
reduce the number of cancer cells that may be present. Some centéhne tsean cells to try to
remove any cancer cells before they are given back to the patient. Thieigrsesrcalled
“purging” It isn’t clear that this really helps, as it has not yet been proven to rédwidsk of
cancer coming back (recurrence).

A possible downside of purging is that some normal stem cells can be lost duripgtieiss,
causing the patient to take longer to begin making normal blood cells, and have unsaif#f level
white blood cells or platelets for a longer time. This could increase the tislections or
bleeding problems.

One popular method now is to give the stem cells without treating them. Then, afiptaing the
patient gets a medicine to get rid of cancer cells that may be in the ltuslys €alledn vivo
purging Rituximab (Rituxan®), a monoclonal antibody drug, may be used for this in certain
lymphomas and leukemias, and other drugs are being tested. The need to removeltaifroan c
transplants or transplant patients and the best way to do it is being researched.

Tandem transplants

Doing 2 autologous transplants in a row is known amdem transplandr adouble autologous
transplant.In this type of transplant, the patient gets 2 courses of high-dose chemo, eaatdfollow
by a transplant of their own stem cells. All of the stem cells neededlbeted before the first
high-dose chemo treatment, and half of them are used for each transplant. Most oftentseth

of chemo are given within 6 months, with the second one given after the patient recovetsefr
first one.

Tandem transplants are most often used to treat multiple myeloma and advatcaditeancer,
but doctors do not always agree that these are really better than a siggatrafor certain
cancers. Because this involves 2 transplants, the risk of serious outcomes is higfardhsingle
transplant. Tandem transplants are still being studied to find out when they might bsees

Sometimes an autologous transplant followed by an allogeneic transplant isoghe @alled a
tandem transplant (see “Mini-transplants” in the section “Allogeneic sédinransplants”).

Allogeneic stem cell transplants

In the most common type of allogeneic transplant, the stem cells come from a donorisgoese t
type closely matches the patient’s. (This is discussed later under “Htdhimgl’ in the section
called “ Donor matching for allogeneic transplant.”) The best donor issa tmily member,

usually a brother or sister. If you do not have a good match in your family, a dgidrbmifound

in the general public through a national registry. This is sometimes caleldDgmatched

unrelated donortransplant Transplants with a MUD are usually riskier than those with a relative
who is a good match.

Blood taken from the placenta and umbilical cord of newborns is a newer source oékseior
allogeneic transplant. Callerd blood this small volume of blood has a high number of stem
cells that tend to multiply quickly. But the number of stem cells in a unit of cord bladstoo
low for large adults, so this source of stem cells is limited to small adaltsheldren. Doctors are



now looking at different ways to use cord blood for transplant in larger adults, suchgsarsi
blood from 2 donors.

Pros of allogeneic stem cell transplant: The donor stem cells make their own immune cells,

which could help destroy any cancer cells that remain after high-dosedrgaThis is called the
graft-versus-canceeffect. Other advantages are that the donor can often be asked to donate more
stem cells or even white blood cells if needed, and stem cells from healthy dantree of

cancer cells.

Consto allogeneic stem cell transplants: The transplant, also known as tjraft, might not take
— that is, the donor cells could die or be destroyed by the patient’s body befong setitie

bone marrow. Another risk is that the immune cells from the donor may not just attack tiee
cells — they could attack healthy cells in the patient’s body. This exdgathft-versus-host disease
(described in the section called “Problems that may come up shortly afteplant”). There is
also a very small risk of certain infections from the donor cells, even though dontestad
before they donate. A higher risk comes from infections you have had, and which yauramm
system has under control. These infections often surface after allogansigant because your
immune system is held in check (suppressed) by medicines itaifethosuppressiwdrugs.

These infections can cause serious problems and even death.

Allogeneic transplant is most often used to treat certain types of leakigmphomas, multiple
myeloma, myelodysplastic syndrome, and other bone marrow disorders suchtasapasa.

Mini transplants (non-myeloablative transplants)

For some people, age or certain health conditions make it more risky to wipe ouhait bbne
marrow before a transplant. For those people, doctors can use a type of allbjgesplant that’s
sometimes called mini-transplant Compared with a standard allogeneic transplant, this one uses
less chemo and/or radiation to get the patient ready for the transplant. Yaurrdiyttt refer to it

as anon-myeloablative transplaar mentionreduced-intensity conditioning (RICJhe idea here

is to kill some of the cancer cells along with some of the bone marrow, and suppressiine i
system just enough to allow donor stem cells to settle in the bone marrow.

Unlike the standard allogeneic transplant, cells from both the donor and the patietogetiser
in the patient’s body for some time after a mini-transplant. But slowly, beerdurse of months,
the donor cells take over the bone marrow and replace the patient’s own bone cetisrovhese
new cells can then develop an immune response to the cancer and help kill off the paheet's
cells — the graft-versus-cancer effect.

One advantage of a mini-transplant is the lower doses of chemotherapy (chemojaathaltion.
And because the stem cells aren't all killed, blood cell counts don’t drop as low whiteg\viar
the new stem cells to start making normal blood cells. This makes it espas&flly in older
patients and those with other health problems who aren’t strong enough for a sthogengia
stem cell transplant. Rarely, it may be used in patients who have alreadydaspéant.

Mini-transplants treat some diseases better than others. They may not Wdok pegients with a
lot of cancer in their body or those with fast-growing cancers. Also, althoughffedis érom
chemo and radiation may be less than those from a standard allogeneic transpightottgraft-
versus-host disease is not.



This procedure has only been used since the late 1990s and long-term patient outcomgstare not
clear. There are lower risks of some complications, but the cancer maydékmlgrto relapse
(come back). Ways to improve outcomes are still being studied.

Studies have looked at using an allogeneic mini-transplant after an autologousittais$ps is
another type of tandem transplant (see “Tandem transplants” under “Autologmdand’) being
tested in certain types of cancer, such as multiple myeloma. The autolcgwmant can help
decrease the amount of cancer present so that the lower doses of chemo giehdeiori-
transplant can work better. And the recipient still gets the benefit of thevgratis-cancer effect
of the allogeneic transplant.

Syngeneic stem cell transplants — for those with an identical sibling

This is a special kind of allogeneic transplant that can only be used when thentdtgs an
identical sibling (twin or triplet) who can donate — someone who will have the ssue type.
An advantage of syngeneic stem cell transplant is that graft-versus$emsdalivill not be a
problem. There are no cancer cells in the transplant, either, as there would betolagoas
transplant.

A disadvantage is that because the new immune system is so much like the reaipeane
system, there is no graft-versus-cancer effect, either. Every eflisttba made to destroy all the
cancer cells before the transplant is done to help keep the cancer from releqsing pack).

Half-matched transplants

Some centers are doing half-matbhagloidentica) transplants for people who don’t have closely
matching family members. This technique is most often used in children, usublly parent as
the donor, though a child can also donate to a parent. Half of the HLA factors will mdiegdtlpe
and the other half typically don’t match at all, so the procedure requires d sy@cta get rid of

a certain white blood cells that can cause graft-versus-host diseastll liésely done, but it's
being studied in a few centers in the United States. Researchers amaingrib learn new ways
to make haploidentical transplants more successful.

Sources of stem cells for transplant

There are 3 possible sources of stem cells to use for transplants:
* Bone marrow (from you or someone else)
» The bloodstream (peripheral blood — from you or someone else)

* Umbilical cord blood from newborns

Bone marrow

Bone marrow is the spongy tissue in the center of some bones. Its main job is to makellsood c
that circulate in your body, which includes immune cells that recognize irsvaderfight
infection.



Bone marrow has a rich supply of stem cells. The bones of the pelvis (hip) contain the mos
marrow and have large numbers of stem cells in them. For this reason, cellsempetvic bone
are used most often for a bone marrow transplant. Enough marrow must be removedtta colle
large number of healthy stem cells.

When the bone marrow is removed (harvested), the donor gets general anastngsiaré used

to put the patient into a deep sleep so they don'’t feel pain). A large needle is put through the ski
and into the back of the hip bone. The thick liquid marrow is pulled out through the needle. This is
repeated several times until enough marrow has been taken out or harvested. (lBortimeysee

the section called “What's it like to donate stem cells?”)

The harvested marrow is filtered, stored in a special solution in bags, and tlkeen Yg®en the
marrow is to be used, it's thawed and then given into the vein just like a blood transfusion. The
stem cells travel to the recipient’'s bone marrow. Over time, they engfédkel and begin to

make blood cells. Signs of the new blood cells usually can be measured in the patiedtiedts

in about 2 to 4 weeks.

Peripheral blood

Normally, few stem cells are found in the blood. But giving hormone-like substaalted
growth factorsto stem cell donors a few days before the harvest causes their stem geilis t
faster and move from the bone marrow into the blood.

For a peripheral blood stem cell transplant, the stem cells are taken from blgmetial thin

flexible tube (called aathete} is put into a large vein in the donor and attached to tubing that
carries the blood to a special machine. The machine separates the steronsehe frest of the

blood, which is given back to the donor during the same procedure. This takes several hours, and
may need to be repeated for a few days to get enough stem cells. Thellstane ¢étered, stored

in bags, and frozen until the patient is ready for them. (For more on this, see the etz

“What's it like to donate stem cells?”)

After the patient is treated with chemotherapy and/or radiation, the stnaie infused into the
vein, much like a blood transfusion. The stem cells travel to the bone marrow, engraftpand the
start making new, normal blood cells. The new cells are usually found in the gatieod a few
days sooner than when bone marrow stem cells are used, usually in about 10 to 20 days.

Umbilical cord blood

Not everyone who needs an allogeneic stem cell transplant can find a wélechdtmor among
family members or among the people who have signed up to donate. For these patielita)] umbi
cord blood may be a source of stem cells. About 1 in 3 unrelated hematopoietic stem cell
transplants are done with cord blood.

A large number of stem cells are normally found in the blood of newborn babies. Afternarth, t
blood that is left behind in the placenta and umbilical cord (knoveo@sblood can be taken and
stored for later use in a stem cell transplant. The cord blood is frozen until neeaed.bfood
transplant uses blood that normally is thrown out after a baby is born.

The first cord blood transplant was done in 1988, and its use has been growing ever since. For
more information on donating cord blood, see the section called “What's it like to dterate
cells?”



A possible drawback of cord blood is the smaller number of stem cells present. Bup#ntty/is
balanced by the fact that each cord blood stem cell can form more blood cells #rarcalktrom
adult bone marrow. Still, cord blood transplants can take longer to take hold and start working.

To be safe, most cord blood transplants done so far have been in children and smaller adults.
Researchers are now looking for ways to use cord blood for transplants ireldutier One
approach that is being taken is to find ways to increase the numbers of thesetkellalb before
the transplant. Another approach is the use of the cord blood from 2 infants at the safae tim
one adult transplant, calleddaal-cord-blood transplantA third way cord blood is being used is
in a mini-transplant. In this case, the bone marrow is not completely destrolyentesare some
host stem cells left before and during the time that the cord blood stem cells. €Didyexf
strategies to better use cord blood transplants are being actively studied.

Which stem cell source is best?

All 3 sources of stem cells can be used for the same goal: to give the patityt $teen cells that

will mature into healthy blood cells. There are pros and cons to each source, tutallaly

able to provide the needed number of stem cells (with the exception noted above in umhilical cor
blood).

When stem cell transplants were first used, they were all bone marroplargasBut today
peripheral blood stem cell transplants are much more common. Often, doctors &wehablest
more stem cells from peripheral blood than from bone marrow. It's also easienfans to give
peripheral blood stem cells than bone marrow, although it takes longer. Another plugptoznaé
blood stem cell transplants is that the recipient’s blood count often recoverdtiast with a bone
marrow transplant. But the risk of chronic graft-versus-host disease is batrtagher with
peripheral blood stem cell transplants than with bone marrow transplants.

Cord blood transplant may be an option if a good match can’t be found among volunteerlstem cel
donors. Even though well-matched cord blood is generally best, studies suggest thatocbrd bl
doesn’t have to be as closely matched as bone marrow or peripheral blood. Thisamay be
advantage for patients with rare tissue types. This type of transplant atsoaloequire a

separate donation procedure and may reduce the risk and severity of graffiestslisease
(described in the section called “Problems that may come up shortly afteplant”). But cord

blood cells usually take longer to engraft. This leaves the patient at high risfefdion and

bleeding longer than is seen with transplanted marrow or peripheral blood sterraler

drawback is that, unlike bone marrow transplant or peripheral blood stem cell trgrtyelaanor
cannot be called back for more after the cord blood stem cells are used.

Donor matching for allogeneic transplant

The immune system normally keeps us healthy by destroying anythimg loodly it sees as
foreign, such as bacteria or viruses. A working immune system recogaitsesam other people
as foreign, too. This becomes very important in an allogeneic stem cqfllérans

If the tissue type match between donor and recipient is not close, the patiemi'séraystem may
see the new stem cells as foreign and destroy them. This isgalfedejection and it can lead to
graft failure. This is rare when the donor and recipient are well matched.



A more common problem is that when the donor stem cells make their own immune cellg; the ne
cells may see the patient’s cells as foreign and turn against their new Hosng/p€ of attack is
calledgraft-versus-host diseas(ee “Graft-versus-host disease” in the section called “Problems
that may come up shortly after transplant” for details). The grafted stenattack the body of

the person who got the transplant. This is another reason it's so important to findekerokteh
possible.

HLA matching

Many factors play a role in how the immune system knows the difference befeléand non-
self, but the most important for transplants isithean leukocyte antigen (HLAYystem. Human
leukocyte antigens are proteins found on the surface of most cells. They make up a figssen’s
type which is different from a person’s blood type.

Each person has a number of pairs of HLA antigens. We inherit one of each of thekerpairs
each of our parents (and pass one of each pair on to each of our children). Doctoratcito m
these antigens when finding a donor for a person getting a stem cell transplant.

How well the donor’s and recipient’s HLA tissue types match plays a largepeanether the

transplant will work. A match is better when all 6 of the known major HLA antigernbeausame

— a 6 out of 6 match. People with these matches have a lower chance of graft-verdiseass,

graft rejection, having a weak immune system, and getting seriousonfedtor bone marrow

and peripheral blood stem cell transplants, sometimes a donor with a singleainéshaattigen is

used — a 5 out of 6 match. For cord blood transplants a perfect HLA match doesn’'t seem to be as
crucial for success, and even a sample with a couple of mismatched proteins @ldy

Doctors keep learning more about better ways to match donors. Today, fewer jelsessmeaded,
for siblings since their cells vary less than an unrelated donor. But more thani¢h@ Has
antigens are often tested on unrelated donors to reduce the risks of mismatebe8dypetimes
doctors will want to look at 5 pairs of antigens, for example, to try and get a 10 out of b0 matc
Certain transplant centers now require high-resolution matching, which looks reptg itéo
tissue types. Other centers are doing clinical trials with relateartaatfhed donors and different
chemotherapy schedules. This is an active area of research becausenit®aftto find a good
HLA match.

Finding a match

There are thousands of different combinations of possible HLA tissue typesanhisake it hard
to find an exact match. HLA antigens are inherited from both parents. If possildeatich for a
donor usually starts with the patient’s brothers and sisters (siblings), whthieeseme parents as
the patient. The chance that any one sibling would be a perfect match (that isuthatty
received the same set of HLA antigens from each of your parents) is 1 out of 4.

If a sibling is not a good match, the search could then move on to relatives who akelless be

a good match — parents, half siblings, and extended family, such as aunts, unclesnsr cousi
(Spouses are no more likely to be good matches than other people who are not related.) If no
relatives are found to be a close match, the transplant team will widen thetedie general
public.



As unlikely as it seems, it's possible to find a good match with a stranger. g witielthis

process, the team will use transplant registries (see the “To learn sectagh). Registries serve

as matchmakers between patients and volunteer donors. They can search for amailaonessf
possible donors and hundreds of thousands of cord blood units. The largest registry in the United
States iBe the Match{formerly called the National Marrow Donor Program) which has recently
merged with another agency, the Caitlin Raymond International Registry h@lie access to

millions of international records, and have successfully matched thousands of donors and
recipients.

The chances of finding an unrelated donor match improve each year, as more vasigmegos
Today, about half of white people who need a stem cell transplant may find a pefelctamong
unrelated donors. This drops to about 1 out of 10 people in other ethnic groups, mostly because
their HLA types are more diverse and they seem to be less likely to take ganor registries.
Depending on a person’s tissue typing, several other international regitddese available.
Sometimes the best matches are found in people with a similar racial erlebkground.

Finding an unrelated donor can take months, though cord blood may be a little fastele A sing
match can require going through millions of records.

Now that transplant centers are more often using high-resolution tests, madis®egming more
complex. Perfect 10 out of 10 matches at that level are much harder to find. Bulatrateams
are also getting better at figuring out what kinds of mismatches they cawagetvith in which
situations — that is, which mismatched sites are less likely to affaspteant success and survival.

Keep in mind that there are stages to this process — there may be sevdres itinaticlook
promising but don’t work out as hoped. The team and registry will keep looking for the best
possible match for you. If your team finds an adult donor through a transplantyreagistegistry
will contact the donor to set up the final testing and donation. If your team firtdsingacord
blood, the registry will have the cord blood sent to your transplant center.

The transplant process

There are several steps in the transplant process. The steps are much,the saaiter what type
of transplant you are going to have.

Evaluation and preparation for a transplant

You will first be evaluated to find out if you are eligible for a transplant. Aspkant is very hard
on your body. For many people, transplants can mean a cure, but complications can lad to de
in some cases. You will want to weigh the pros and cons before you start.

Transplants can be hard emotionally, too. They often require being in the hospigisbkited,
and there is a high risk of side effects. Many of the effects are short-teragrbefproblems can
go on for years. This can mean changes in the way you live your life. For someipeqméfor
a while, but for others the changes may be lifelong.

It's also very hard going through weeks and months of not knowing how your transplaatrmwill

out. This takes a lot of time and emotional energy from the patient, caregivers, ahdrieselt’s

very important to have the support of those close to you. You will need, for instance, a responsibl
adult who will be with you to give you medicines, help watch for problems, and stay inidhch

the team after you go home. Your transplant team will help you and your calegivewhat you



need to know. The team can also help you and your loved ones work through the ups and downs as
you prepare for and go through the transplant.

Many different medical tests may be done, and questions will be asked to iy tufihow well
you can handle the transplant process. These might include:

* HLA tissue typing, including high-resolution typing

» A complete health history and physical exam

 Evaluation of your psychological and emotional strengths

« Identifying who will be your primary caregiver throughout the transplant psoce
* Bone marrow biopsy

e CT (computed tomography) scan or MRI (magnetic resonance imaging)

» Heatrt tests, such as an EKG (electrocardiogram) or echocardiogram

» Lung studies, such as a chest x-ray and PFTs (pulmonary function tests)

» Consultations with other members of the transplant team, such as a dentistn da@tsocial
worker

* Blood tests, such as a complete blood count, blood chemistries, and screening folikéruses
hepatitis B, CMV, and HIV

You will also talk about your health insurance coverage and related costsuhmaight have to
pay.

You may have a central venous catheter (thin tube) put into a large vein in yduil biseess most
often done as outpatient surgery, and usually only local anesthesia is needed (tvbgradkbe
catheter goes in is made numb). Nurses will use the catheter to draw blood aymligive
medicines. If you are getting an autologous transplant, a special cadretsr placed that can
also be used for apheresasfgr-REE-sis) to harvest your stem cells. The catheter will stay in
during your treatment and for some time afterward, usually until your teariegdlstem cells have
engrafted and your blood counts are on a steady climb to normal.

Transplant digibility

Younger people, those who are in the early stages of disease, or those who have ndtaadraady
lot of treatment, often do better with transplants. Some transplant centeye Setits. For
instance, they may not allow regular allogeneic transplants for people over 50 ogawsol
transplants for people over 60 or 65. Some people also may not be eligible for transipént if
have other major health problems, such as serious heart, lung, liver, or kidneg. Aseasi-
transplant, described under “Allogeneic stem cell transplant” in theseetled “Types of stem
cell transplants for treating cancer” may be an option for some of these gatient

Hospital admission or outpatient treatment

The hospital’s transplant team will decide if you need to be in the hospital to dwaveansplant,
if it will be done in an outpatient center, or if you will be in the hospital just for péitsif you



have to be in the hospital, you will probably go in the day before the transplant prosedure i
scheduled to start. Before conditioning treatment begins (see section beétnsplant team
makes sure you and your family understand the process and want to go forward with it.

If you will be having all or part of your transplant as an outpatient, you will neleel Yery near
the transplant center during the early stages. You'll need a family membe&edrdne as a
caregiver who can stay with you all the time. You and the caregiver walhaksd reliable
transportation to get you to and from the clinic. The transplant team will bhimgiou closely
for complications, so expect to be at the clinic every day for a few weeks. Yostithaeed to be
admitted to the hospital if your situation changes or if you start having watiqhs.

To reduce the chance of infection during treatment, patients who are in the hargptal in
private rooms that have special air filters. The room may also have a iptettier to separate
it from other rooms and hallways. Some have an air pressure system that unakesisiclean
outside air gets into the room. . If you are going to be treated as an outpatidmbraeatou will
get instructions on avoiding infection.

The transplant experience can be overwhelming. Your transplant team viadrbed help you
physically and emotionally prepare for the process and discuss your neag<sefioré will be
made to answer questions so you and your family fully understand what will be happeyong
as you go through transplant.

It's important for you and your family to know what to expect, because once oonatiti
treatment begins (see the next section), there is no going back — there camusepseblems if
treatment is stopped at any time during transplant.

Conditioning treatment

Conditioning also known abone marrow preparationr myeloablationis treatment with high-
dose chemo and/or radiation therapy. It's the first step in the transplantspaocetypically takes
a week or two. It's done for one or more of these reasons:

» To make room in the bone marrow for the transplanted stem cells
» To suppress the patient’s immune system to lessen the chance of graftrrejec
» To destroy all of the cancer cells anywhere in the patient’s body

The conditioning treatment is different for every transplant. Your individuahtergtwill be
planned based on the type of cancer you have, the type of transplant, and any chemar radia
therapy you have had in the past.

If chemo is part of your treatment plan, it will be given in an intravenous (IVplie pills. If
radiation therapy is planned, it's given to the entire body (c#diad body irradiationor TBI).
TBI may be given in a single treatment session or in divided doses over a few days.

This phase of the transplant can be very uncomfortable because high treatmenedosed. ar
Chemo and radiation side effects can make you sick, and it may take you months ez@wéyr r

A very common problem is mouth sores that will need to be treated with strong paimesedic
You may also have nausea, vomiting, be unable to eat, lose your hair, and have lung agbreathi
problems. If you know what medicines your doctors will be using for conditioning, yofinca

out more about them in our Guide to Cancer Drugs, or call us for more information.



Conditioning can also cause premature menopause in women and often makes both men and
women sterile (unable to have children). (See “Stem cell transplant and hiadgingrc in the
section called “Transplant problems that may show up later.”) Before you haaresplant, you
need to discuss the transplant process and all its effects with your docitss.Helps to talk to
others who have already had transplants.

The big day: infusion of stem cells

After the conditioning treatment, you will be given a couple of days to restebgétting the stem
cells. They will be given through your IV catheter, much like a blood transfusitre $tem cells
were frozen, you might get some drugs before the stem cells are dgiveis @lone to reduce your
risk of reacting to the preservatives that are used in freezing the cells.

If the stem cells were frozen, they are thawed in warm water then giNeraway. For allogeneic
or syngeneic transplants, the donor cells may be harvested (removed) in an @ paoatirand
then processed in the lab. Once they are ready, the cells are brought in ad(giften to you).
The length of time it takes to get all the stem cells depends on how much fluid treeHseane

in.

You will be awake for this process, and it doesn’t hurt. This is a big step and ofigneaias
meaning for recipients and their families. Many people consider this thathrer chance at a
second life. They may celebrate this day as they would their actual birthday.

Infusion side effects are rare and usually mild. The preserving agent used edremgfithe cells
(calleddimethylsulfoxider DMSQO causes many of the side effects. You might have a strong taste
of garlic or creamed corn in your mouth. Sucking on candy or sipping flavored drinkg dad

after the infusion can help with the taste. Your body will also smell like thesstitell may bother
those around you, but you might not even notice it. The smell, along with the taste, f@ydast

few days, but slowly fades away. Often having cut up oranges in the roomfsel thfe odor.

Patients who have transplants from cells that were not frozen do not have this prolslese ee

cells are not mixed with the preserving agent.

Other short-term or immediate side effects of the stem cell infusion mighde:
* Fever or chills
* Shortness of breath
* Hives
* Tightness in the chest
e Low blood pressure
» Coughing
* Chest pain
* Less urine output

* Feeling weak



Again, side effects are rare and usually mild. If they do happen, they aegl tasateeded. The
stem cell infusion must always be completed.

Recovery after infusion

The recovery stage begins after the stem cell infusion. During this time@ngbyour family wait
for the cells to engraft, or “take,” after which they begin to multiply and make read bElls.

The time it takes to start seeing a steady return to normal blood countsiegeesling on the
patient and the transplant type, but it's usually about 2 to 6 weeks. You'll be in the hosykgél or
the transplant center daily for at least a few weeks.

During the first couple of weeks you will have low numbers of red and white blood cells and
platelets. Right after transplant, when your counts are the lowest, you magheugtibiotics to
help keep you from getting infections (this is caledphylacticantibiotics). You may get a
combination of anti-bacterial, anti-fungal, and anti-viral drugs. These arliyugivan until your
white blood cell count reaches a certain level. Still, you can have problems, sofgc@sn from
too few white blood cellsneutropenid, or bleeding from too few plateletthfombocytopenia
Many patients have high fevers and need IV antibiotics to treat seriousonged ransfusions of
red blood cells and platelets are given until the bone marrow is working again abtbodwells
are being made by the infused stem cells.

Except for graft-versus-host disease, which only happens with allogeneicdrdssfiie side
effects from autologous, allogeneic, and syngeneic stem cell transplamsieh the same.
Problems may include gastrointestinal (Gl) or stomach problems, and heartiviemgr, kidney
problems. (We will talk more about these later, in the section called “Probtaim®may come up
shortly after transplant.”) You might also go through feelings of distresgtgndepression, joy,
or anger. Adjusting emotionally after the stem cells can be hard becahsdearigth of time you
feel ill and isolated from others.

Having a transplant is a big decision. Your life and your relationships willsbepded. Your
future becomes uncertain, the process makes you feel bad, and financially iovamideelming.
You might feel as if you are on an emotional roller coaster during this Sinpport and
encouragement from family, friends, and the transplant team are very inigortget you through
the challenges of transplant.

Discharge from the hospital

Planning to go home

The discharge process actually begins weeks before your transplants kvéitathe transplant
team teaching you and your primary (main) caregiver about:

» The precautions you will need to take

* How to prepare your home

» How to care for your central venous catheter

* How to take good care of your mouth and teeth

* What foods you should and shouldn’t eat



* Activities you can and can’t do
* When to call the transplant team or other health care professionals

* Who will be your primary caregiver and what the job will be like, and who wilhbdack-up
caregiver in case your main caregiver gets sick and can’'t be near you

What hasto happen before you can go home?

For the most part, transplant centers don’t send patients home until they meebtiedatiteria
(see the section called “What are stem cells and why are they traegffafor more information
about neutrophils, platelets, and hematocrit):

» They have no fever for 48 hours

» They are able to take and keep down pills or other drugs for 48 hours

» Their nausea, vomiting, and diarrhea are controlled with medicine

« Their neutrophil count (absolute neutrophil count or ANC) is at least 500 to 1,0860/mm

» They have a hematocrit of at least 25% to 30%

« They have a platelet count of at least 15,000 to 20,008/mm

» They have someone to help them at home and a safe and supportive home environment

If patients do not meet all of these requirements, but still don’'t need the intensi\aé tze
transplant unit, they may be moved another oncology unit. When you do go home, you may need
to stay near the transplant center for some time, depending on your condition.

Rehabilitation

The roller coaster ride typically continues after you go home. Plus, ybbeafieeling pretty tired

after going through the transplant process. After discharge, some people hawval plhysental

health problems in the rehabilitation period. These ongoing needs must now be managed at home
and caregiver and friend/family support is very important.

Transplant patients are still followed closely during rehab. You may need daibeaty exams
along with things like blood tests, chest x-rays, bone marrow tests, or spindlitalpar(

punctures). During early rehab, you also might need blood and platelet transfusibinstj@s, or
other treatments. The exams are frequent at first, maybe even eveboyail be needed less
often if things are going well. It can take 6 to 12 months, or even longer, for blood courits to ge
close to normal and your immune system to work well.

Some problems might show up as much as a year or more after the stem cdfiilssade Physical
problems are usually from the chemo and/or radiation treatment, but other isgysspnu@ too.
Problems can include:

 Graft-versus-host disease (in allogeneic transplants)

« Infections



* Lung problems, such as pneumonia or inflammation that makes it hard to breathe
« Kidney, liver, or heart problems

« Low thyroid function

« Overwhelming tiredness (fatigue)

* Limited ability to exercise

* Memory loss, trouble concentrating

» Emotional distress, depression, body image changes, anxiety
* Social isolation

» Changes in relationships

» Changes in how you view the meaning of life

 Feeling indebted to others

» Job and insurance discrimination

» Slowed growth and development (in children)

» Cataracts

* Reproductive or sexual problems, like infertility, early menopause, pain or detauring
sex, or loss of interest in sex (see “Stem cell transplant and having childtee’section
“Transplant problems that may show up later”)

* New cancers caused by the transplant

Your transplant team is still available to help you. It's important that ykudahem about any
problems you are having — they can help you get the support you need to managegés ttiz
you are going through.

Problems that may come up soon after transplant

Here are some of the more common problems that may happen shortly affgattanéany of
them come from having the bone marrow wiped out by medicines or radiation just before t
transplant. Others may result from the specific medicines used for the coimgjtphase, or from
the radiation. Some of these problems tend to happen less often and be less severewhpeopl
get mini-transplants.

This is not a complete list and you should tell your doctor or transplant team aboublaleyns

you have or changes you notice. Some of these problems can be life-threatetimgngporitant

to be able to reach your doctor or transplant team at night, on weekends, and during IBdidays.
sure you know how to do this.



Mouth and throat pain

Mucositis(inflammation or sores in the mouth) is a short-term side effect that can happen wi
chemo and radiation. It usually gets better within a few weeks afterochmit it can make it very
painful to eat and drink. It can be a challenge to eat and avoid dehydration. If yourhudsith
you may be given medicine to numb your mouth or help the pain. You may need to take the
medicine before meals so that it's easier to eat. Be sure to tell ydaor dbout any pain and if the
medicines to help it are working.

Good nutrition is important for people with cancer. If mouth pain or sores make it hardto eat
swallow, your health care team will help you develop a plan to manage your syanptammore
suggestions, see our documeifrition for the Person With Cancer During Treatment: A Guide
for Patients and Families

Nausea and vomiting

Because chemotherapy drugs can cause severe nausea and vomiting, destgirgeodinti-nausea
medicines at the same time as chemo to try and prevent it. This is still troeg/auhiee getting
chemo as part of a bone marrow transplant.

Anti-nausea medicines are often given on a regular schedule around the clockedissyou
take them even if you don’t have any problems. Sometimes you may be asked to tdkezree me
on an “as needed” schedule. This means you take the medicine at the first sigeatoiegp it
from getting worse. In many cases, 2 or more medicines are used.

No one drug can prevent or control chemo-related nausea and vomiting 100% of the tirhe. You’
need to tell the doctor and nurses how well your medicines are controlling your andsea
vomiting. If they aren’t working, they will need to be changed.

As much as possible, the goal is to prevent nausea and vomiting, because itte gasient it

than it is to stop it once it starts. Preventive treatment should start beforethe is given and
should continue for as long as the chemo is likely to cause vomiting, which can be up to 7 to 10
days after the last dose.

Infection

During the first 6 weeks after transplant, until the new bone marrow stadisgwehite blood

cells (engraftment), you can easily get serious infections. Whilewloite blood cell counts are
low, you are said to beeutropenic (See “White blood cells” in the section called “What are stem
cells and why are they used in transplants?” for more information.) Baaéeictions are most
common during this time, but viral infections that were controlled by your immutensygsin
become active again. Fungal infections can also be an issue. And even infectioasgbanly

mild symptoms in people with normal immune systems can be quite dangerous for you.

As discussed in “Recovery” in the section called “The transplant processtigg be given
antibiotics to try to prevent infections until your blood counts reach a certain levéiskorce,
pneumocystis pneumonia (pronounce-mo-Sl ST-is newmoan-ee-uh, often called PCP) is a
common infection that is easy to catch. Even though the germ doesn’t harm people with norma
immune systems, for others it can cause fever, cough, and serious breathing piob&tars

often give patients antibiotics to keep them from getting this.



Your doctor may check you before transplant for signs of certain infections thétet@ye

active after transplant, and give you special medicines to keep thoseuyglensontrol. For
example, the virus calledMV (cytomegalovirus) is a common cause of pneumonia in people who
have had transplants. It mainly happens to people who were already infected WittoGihose
donor had the virus. If neither you nor your donor had CMV, the transplant team might follow
special precautions to prevent infection while you are in the hospital.

After engraftment, the risk of infection is lower, but it still can happenkést® months to a year
after a transplant for the immune systems of most patients to work aswhetlyasshould. It can
take even longer for patients with graft-versus-host disease (GVHD).

Because of the increased risk, you will be watched closely for signs diiamfesuch as fever,

cough, shortness of breath, or diarrhea. Your doctor may check your blood often, and extra
precautions will be needed to avoid exposure to germs. While in the hospital, everyone vého enter
your room must wash their hands well. They may also wear gowns, shoe covgangs, and

masks.

Since flowers and plants can carry bacteria and fungi, they are not alloy@a imom. For the
same reason, you may be told not to eat certain fresh fruits and vegetables. fdbganust be
well cooked and handled very carefully by you and family members. Certain fogdsertto be
avoided for a while.

You may also be told to avoid contact with soil, feces (stool, both human and animal), aquariums,
reptiles, and exotic pets. Your team may tell you to avoid being near disturbed daildpipings,

or mold. You will need to wash your hands after touching pets. Your family may need tdaheove
cat’s litter box away from places you eat or spend your time. Some aahsgms recommend
cleaning carpets, floors, furniture, and drapes before you go home. Your transptantiteell

you and your family in detail about the precautions you need to follow during thisTirees are

many viruses, bacteria, and fungi that can cause infection after your transplant

Despite all these precautions, patients often develop fevers, one of thgfissbisinfection. If

you do get a fever or other signs of infection, tests will be done to look for theafahse

infection (chest x-rays, urine tests, and blood cultures) and antibiotics withtted right away.

Be sure to ask which symptoms you should call the doctor about at nights and on weekends (also
ask how to contact your doctor in an emergency).

Bleeding and transfusions

After a transplant, you are at risk for bleeding because the conditioning tn¢ates&oys your
body’s ability to make platelets. (Platelets are the blood cells that loelg tw clot.) While you
wait for your transplanted stem cells to start working, your transplantrtegninave you follow
special precautions to avoid injury and bleeding. Platelet counts are low faste® lweeks after
transplant. In the meantime, you might notice easy bruising and bleeding, suwdebkeds and
bleeding gums. If your platelet count drops below a certain level (such as 20,@0frauen
lower), a platelet transfusion may be needed. (A low platelet count is traitedbocytopenid
You will need to follow precautions until your platelet counts stay at safesld@ele “Platelets” in
the section called “What are stem cells and why are they transplanted¥ri®information.)

It also takes time for your bone marrow to begin making red blood cells, and youneéghted
blood cell transfusions from time to time as you recover.



Interstitial pneumonitis and other lung problems

Pneumonitignew-muh-NY-tus) is a type of lung inflammation that’'s most common in the first
100 days after a stem cell transplant. But some lung problems can happen mueheags 2 or
more years after transplant.

Pneumonia caused by infection happens more often, but pneumonitis may be causedday, radiati
graft-versus-host disease, or chemo rather than germs. It's caused lgg dartiee areas between
the cells of the lungs (callenterstitial spacespronouncedn-ter-ST1H-shul). Pneumonitis can be
severe, especially if total body irradiation was given with chemo as pidwe cbnditioning

treatment. Chest x-rays will be taken in the hospital to watch for pneumonited|as

pneumonia. Some doctors will do breathing tests every few months if you have ggag-liest
disease (see next section).

You should report any shortness of breath or changes in your breathing to your duetosmant
team right away. There are many other types of lung and breathing psabl@nalso need to be
handled quickly.

Graft-versus-host disease

Graft-versus-host disease (GVHD) can happen in allogeneic transplaenghe immune cells
from the donor see the recipient’s body as foreign. (Remember: The resifmemiine system
has mostly been destroyed by conditioning treatment and cannot fight back — themeselit
make up most of the immune system after transplant.) The donor immune cellsanlageattain
organs, most often the skin, gastrointestinal (Gl) tract, and liver. This can chamgeyttie
organs work and increase the chances of infection.

GVHD reactions are very common and can range from barely noticeablettodi&eening.
Doctors think of GVHD as acute or chronic. Acute GVHD starts soon after teaugpid lasts a
short time. Chronic GVHD starts later and lasts a long time. A person may have aney bot
neither type of GVHD.

Acute GVHD

Acute GVHD can happen 10 to 90 days after a transplant, though the average touads2&r
days.

About one-third to one-half of allogeneic transplant recipients develops acutB.GtdHess
common in younger patients and in those with closer HLA matches between donor aedtrecipi

The first signs are usually a rash, burning, and redness of the skin on thenmhkotea. This can
spread over the entire body. Other symptoms include:

* Nausea

* Vomiting

» Stomach cramps

* Diarrhea (watery and sometimes bloody)

* Loss of appetite



* Yellowing of the skin and eyes (jaundice)
» Abdominal (belly) pain
» Weight loss

Most cases are mild, and those who recover from it usually have no long-term éftecteell a
person does depends on how bad the GVHD is. Some cases of GVHD can lead to death.

Doctors try to prevent acute GVHD by giving drugs, such as steroids hcexdaioclonal
antibodies, methotrexate, cyclosporine, and tacrolimus to lessen the immune reEpesselrugs
are given before acute GVHD starts and can help prevent serious GVHD, th@WD will
almost always happen in allogeneic transplant patients. New and old drugsriendiff
combinations are being tested for GVHD prevention.

The risk of acute GVHD can also be decreased by removing a certain kind imeHisrjeatled T-
cells) from the donor stem cells before the transplant. But this can also énttreaisk of viral
infection, leukemia relapse, and graft failure (which is discussed. IResgarchers are looking at
new ways to remove only certain cells, cadidactivated T-cellsfrom donor grafts. This would
reduce the severity of GVHD and still let the donor T-cells destroy aroecaells left.
Preventing and managing GVHD are major priorities for research.

Chronic GVHD

Chronic GVHD can start anywhere from about 100 to 400 days after the sterargldnt. A
rash on the palms of the hands or the soles of the feet is often the earliest srgshTdan spread
and is usually itchy and dry. In severe cases, the skin may blister and peebdi#tesunburn. A
fever may also develop. Other symptoms of chronic GVHD can include:

» Decreased appetite

* Diarrhea

« Abdominal (belly) cramps

» Weight loss

* Yellowing of the skin and eyes (jaundice)

» Enlarged liver

* Bloated abdomen (belly)

 Pain in the upper right part of the abdomen (belly)
« Increased levels of liver enzymes in the blood (seen on blood tests)
» The skin feels tight

 Dry, burning eyes

» Dryness or painful sores in the mouth

» Burning sensations when eating acidic foods



 Bacterial infections
* Blockages in the smaller airways of the lungs

Chronic GVHD is treated with medicines that suppress the immune system, mubtlodi&eised
for acute GVHD. These drugs can increase your risk of infection for as lgg @se treated for
GVHD (see the “Infection” section).

Hepatic veno-occlusive disease

Hepatic veno-occlusive (hgtat-ick vee-no - uhkloo-siv) disease (VOD) is a serious problem in
which tiny veins and other blood vessels inside the liver become blocked. It only happens in
people with allogeneic transplants, and mainly in those who got the drugs busulfaplwalamehs
part of conditioning.

VOD usually happens within 3 weeks of conditioning. It's more common in older people who had
liver problems before the transplant, and in those with acute GVHD. It stantgelidwing skin

and eyes, dark urine, tenderness below the right ribs, and quick weight gain (noostliid that
bloats the belly). Sometimes it can result in liver failure and death.

Doctors have found that giving busulfan in the vein (IV) rather than by mouth may redueskt
of VOD. New ways to treat this problem are being tested.

Graft failure

Grafts fail when the body does not accept the new stem cells (the grafstentneells that were
given do not go into the bone marrow and multiply like they should. Graft failure iscon@on
when the patient and donor are not well matched and when patients get stem dedigetiatd the
T-cells removed. It can also happen in patients who get a low number of stersudtl as a
single umbilical cord unit.

Graft failure can lead to serious bleeding and/or infection. It's suspegbatgi@mts whose counts
do not start going up within 3 to 4 weeks of a bone marrow or peripheral blood transplant, or
within 7 weeks of a cord blood transplant.

It may be treated by a second dose of stem cells, if available. Grafysfagyddut if they do it can
result in death.

Transplant problems that may show up later

The type of problems that can happen after a transplant depend on many factors, sugpas the

of transplant done, the conditioning treatment used, the patient’s overall hegfiati¢h€s age

when the transplant was done, the length and degree of immune system suppression, and wheth
chronic graft-versus-host-disease (GVHD) is present and how bad it is. Thensaale be

caused by the conditioning treatment (the pre-transplant chemotherapy atidmaterapy),
especially total body irradiation, or by other drugs used during transplant (siehdrads that

may be needed to suppress the immune system after transplant). Possildenomgks of

transplant include:

» Organ damage (to the liver, kidneys, lungs, heart and/or bones and joints)



» Relapse (the cancer comes back)

» Secondary (new) cancers

» Abnormal growth of lymph tissues

* Infertility (the inability to produce children)

* Hormone changes, such as changes in the thyroid or pituitary gland

 Cataracts (clouding of the lens of the eye, which causes vision loss)

Organ damage

The medicines used in transplants can harm the body’s organs, such as the heagkidhys,
liver, and nervous system. You may need careful follow-up with close monitoring aimaein¢af
the long-term organ problems that the transplant can cause. Some of theséerlikéyi should
be discussed early in the transplant process, so you can prepare for them.

It's important to find and quickly treat any long-term problems. Tell youradaoight away if you
notice any changes or problems. Physical exams by your doctor, blood workygreaglies and

other tests will help look for and keep tabs on organ problems. Your breathing may alsadbe teste
regularly to see if your lungs are showing signs of GVHD.

As transplant methods have improved, more people are living longer and doctoasrang leore
about the long-term results of stem cell transplant. Researchers contiooie fiar better ways to
care for these survivors to give them the best possible quality of life.

Cancer relapse

The goal of a stem cell transplant in cancer is to prolong life and even cuentee. But in some
cases, the cancer comes back (relapses). Relapse can happen a few moethy¢ars ffter
transplant. It happens much more rarely 5 or more years after transplant.

After relapse, treatment options are often quite limited. A lot depends on yoult beeith at that
point, and whether the type of cancer you have responds well to drug treatment. Ar&atme
those who are otherwise healthy and strong may include chemotherapy tdtéingeapy. Some
patients who have had allogeneic transplants may be helped by getting ahatedlls from the
same donor (this is calletbnor lymphocyte infusigrio boost the graft-versus-cancer effect.
Sometimes a second transplant is possible. But most of these treatmentsiposeisis even to
healthier patients, so those who are frail, older, or have chronic health problemsrateatile to
get them.

Other options may include palliative (comfort) care, or a clinical triahohaestigational

treatment. It's important to know what the expected outcome of any furtaenéet might be, so

talk with your doctor about the purpose of the treatment. Be sure you understand the poos and ¢
before you decide.



Secondary cancers(new cancers caused by treatment)

Along with the possibility of the original cancer coming back (relapisel) iawas treated with a
stem cell transplant, there is also a chance of having a second cancearadfgant. The general
risk of getting another cancer after a transplant is estimated to be 4 to 4 thanef people who
have not had transplants.

Studies have shown that people who have had allogeneic transplants have a highesa@shdof s
cancer than people who got a different type of stem cell transplant. Cancerppeat adew
months after transplant are mainly lymphomas, especially the B-cell ipese seem to be
caused by a common virus known as Epstein-Barr virus, or EBV. The immune system can
normally keep the virus under control, but EBV can cause cancer — especially whamthreei
system is being suppressed with drugs, as it is after allogeneic transpla

Acute leukemia is a type of cancer that can develop a few yearstaftecall transplants. Another
disorder of the bone marrow called/elodysplasigmy-uh-lo-disPLAY -zhuh) or

myelodysplastic syndromenf/-uh-lo-disPL AS tick), in which the bone marrow makes defective
blood cells, can also happen a few years after transplant. Myelodysplasiaeslly a cancer, but
it can develop into cancer in some people. For more, see our documeniiyaledysplastic
Syndromes

Secondary cancers that happen many years later may include solid tuness,caften of the skin,
mouth, brain, liver, cervix, thyroid, breast, and bone.

Risk factors for developing a second cancer are being studied and may include:

» Radiation (such as total body irradiation) and high-dose chemo as part of theocamgliti
treatment

» Previous chemo or radiation treatment that was not part of the transplant process

* Immune system problems (such as graft-versus-host disease, HLA-ofisthatlogeneic
transplant, and immunosuppressant therapy)

« Being older than age 40 at the time of transplant

« Infection with viruses such as Epstein-Barr (EBV), cytomegalovirus (CM&f)atitis B
(HBV), or hepatitis C (HCV)

Some second cancers can show up a few months or a few years after transptatoizd
cancers can take many years to develop, so the best studies are in those who halmngviene
after treatment.

Successfully treating a first cancer gives a second cancer tmahéh@ chance) to develop. No
matter what type of cancer is treated, and even without the high doses usauisfaatt,

treatments like radiation and chemo can lead to a second cancer in the futarerd-o

information on this, please see our document c&8kszbnd Cancers Caused by Cancer Treatment

Post-transplant lymphoproliferative disorder

Post-transplant lymphoproliferativerg-fo-pruh-LIH-fer-uh-tiv) disordefPTLD) is an out-of-
control growth of lymph cells, actually a type of lymphoma, that can develop afédiogeneic



stem cell transplant. It's linked to a malfunction of T-cells (a type of wittted cell that is part of
the immune system) and the presence of Epstein-Barr virus (EBV). Trogathally help rid the
body of cells that contain viruses. When the T-cells aren’t working well -iBB¥¢ted B-
lymphocytes (a type of white blood cell) can grow and multiply. Most people arecidfedh

EBV at some time during their lives, but the infection is controlled by a heaitihymne system.
The conditioning treatment given before transplant weakens the immune systenmgaihe

EBV infection to get out of control, which can lead to a PTLD.

Still, PTLD after allogeneic stem cell transplant is fairlyerdt most often happens in recipients of
T-cell-depleted stem cells. It can occur in patients who got stem cellsyirematched or

unrelated donors. It also happens in people who need anti-thymocyte globulin (ATE)©@Da
monoclonal antibody for treatment of acute graft-versus-host dises$tX)GRecipients who got
stem cells from older donors and recipients who had severe immune problems befplantrans
may also have a higher risk of developing a PTLD.

PTLDs most often occur within 1 to 6 months after allogeneic stem cell transpkhert the
immune system is still very weak.

PTLD is life-threatening. It may show up as lymph node swelling, fever,lalsl @here is no
one standard treatment, but it’s often treated by cutting back on immunosupprasgsiuto ¢kt
the patient’s immune system fight back. Other treatments include white blodlyroghocyte)
transfusions to boost the immune response, using drugs like Rituxan to kill the B celjis/jragnd
anti-viral drugs to treat the EBV.

Even though PTLD doesn’t happen a lot after transplant, it's likely to happen mbeewsetof
less-matched donors and the need for strong suppression of the immune system god®sp. St
are being done to identify risk factors for PTLD and look for ways to preventrariaplant
patients who are at risk.

Stem cell transplant and having children

Most people who have stem cell transplants become infertile (unable to have ghiltdreis not
caused by the cells that are transplanted, but rather by the high doses of chem@diation
therapy used. These treatments affect both normal and abnormal cells, and oftga dam
reproductive organs.

If having children is important to you, or if you think it might be important in the futalieto
your doctor before treatment about ways to protect your fertility. Your dowgrbe able to tell
you if a particular treatment will be likely to cause infertility.

After chemo or radiation, women may find their menstrual periods become irregstap
completely. This doesn’t always mean they cannot get pregnant, so birth sbotrtal be used
before and after a transplant. The drugs used in transplants can harm a growing fetus

The drugs used during transplant can also damage sperm, so men should use birth contlol to avoi
starting a pregnancy during and for some time after the transplant prb@esplants may cause
temporary or permanent infertility for men as well. Men might considengttreir sperm before
having a transplant. This process can take several days. Sperm sampldeaeglctiien frozen

and stored in a sperm bank. The stored sperm can later be thawed and used to fertilizésa pa

egg using artificial insemination. Fertility returns in some men, but thediie unpredictable.



Other kinds of reproductive techniques, including cryogenic preservationirifyeez embryos,
sperm, and eggs are available for future donation. Adoption is another of the manyites dvi
couples who want to have families after transplant.

For more information on having children after being treated for cancer, see aoretdcalled
Fertility and Women With Cancer Fertility and Men With CanceFor more information on
sexual problems, see our documents calexiuality for the Man With CancandSexuality for
the Woman With Cancer

Other transplant issues

Cost of transplant

Stem cell transplants cost a lot. The total cost for the procedure varies;druensily reach
$100,000 or more for an autologous transplant. Allogeneic transplants tend to cost even more, up
to $200,000 or higher.

A transplant (or certain types of transplants) is still considered exgetal for many types of
cancer, especially many solid tumor cancers, so insurers might not coeestho matter what
illness you have, it's important to find out what your insurer will cover beforeidgon a
transplant, including donor match testing, cell collection, drug treatments,ahacsayt, and
follow-up care. Go over the transplant plan with them to find out what's covered. Ask if th
doctors and transplant team you plan to use are in their network, and how reimbursément wi
work. Some larger insurance companies have transplant case managergoli noght ask to
speak with a patient advocate. You can also talk with financial or insurancalispeeit your
doctor’s office, transplant center, and hospital about what expenses you lgrlhave. This

will help you get an idea of what you might have to pay.

Saving your newborn’s umbilical cord blood for later private use

Some parents choose to donate their infant’s cord blood to a public blood bank, so that it may be
used by anyone who needs it. Other parents store their newborn’s cord blood in privéiead

banks just in case the child or a close relative needs it someday. Several priyariesmoffer

this service as a form of “biological insurance.”

The collection fee can be $1,500 to $2,400, with around another $150 per year to store the cord
blood. You will want to check on costs because they will probably increase over timeewnd t
may vary from one part of the country to another.

Parents may want to think about banking their child’s cord blood, especially in &athaiehave a
history of, or close relatives with, diseases that may benefit from stetransplant. But here are
some things to think about:

* A single cord blood unit might not have enough stem cells for most adults, so personal cord
blood use could be limited to childhood or early adolescence.

* Most medical specialists feel that the chance that the average chitderelative will be
helped by storing his or her own cord blood is very low. Estimates have ranged from 1 out of



1,000 to 1 out of 200,000. This means that most privately collected cord blood will likely be
wasted.

» Some diseases that are treatable by transplant require stem cealtsribeftom another donor
(allogeneic). Infusing autologous cord blood stem cells that contain the samendefiecnot
cure the disease.

* The “shelf life” of cord blood is not known. Because cord blood storage is a recent
development, scientists do not know whether blood taken at birth will be useful if a family
member develops a disease treatable by stem cell transplant 50 yraf0late scientists
suspect that advances in immunology and genetics will have substitutes forcstardlood
by that time.

If you would like to learn more about donating your newborn’s cord blood, see the selt&idn ca
What's it like to donate stem cells? More information on private family cord blood barkmige
found at the Parent’s Guide to Cord Blood Foundation. You can visit their website at
www.parentsguidecordblood.org.

What questions should | ask my doctor before
transplant?

BEFORE you agree to a transplant, you might want to ask your doctor the following questions.
For some of these, your doctor may refer you to the transplant team or peoplenkivativ
insurance and payments for the doctor’s office and/or the hospital:

* Is a transplant the best option for me? Why? Are there other options | should ¢dnsider
* What type of stem cell transplant will I have? Why?

* What is the chance of finding a good match?

* What are the chances that the transplant will work?

* What is the plan if the transplant doesn’t work?

» What are the risks of waiting or trying other treatments first?

* Is stem cell transplant considered experimental for my disease? Why?

* What are the risks to me?

* What type of conditioning treatment will | need?

* What is the estimated cost?

» What costs, if any, will be covered by my insurance? How much will | have to pay?
* What side effects might | expect? How bad will they be? How long will g |

« Will I be able to have children after the transplant? What are my options ift tavaave
children later?

* What types of medicine or self-care will be used to control side effects?



* Will | be able to have visitors?

* When will | be able to return to work?

* What vaccines will | need and when?

« What type of follow-up will be needed after | am discharged? How often?

* What are the chances that my cancer will come back after treatment?

What's it like to donate stem cells?

People usually volunteer to donate stem cells for an allogeneic transpgianbeitause they have
a loved one or friend who needs a match or because they want to help people. Someveeople gi
their stem cells so they can get them back later for an autologous transplant.

If you want to donate stem cells for someone else

People who want to donate stem cells or join a volunteer registry can speak wittoth@is or
contact the National Marrow Donor Program to find the nearest donor center. Pol@mbicd are
asked questions to make sure they are healthy enough to donate and don’t pose a resionf infe
to the recipient. For more information about donor eligibility guidelines, cofmtaddational
Marrow Donor Program or the donor center in your area (see the “To learn seotigh for

contact information).

A simple blood test is done to learn the potential donor’'s HLA type. There may bdimentax-
deductible fee of about $75 to $100 for this test. People who join a volunteer donor registry will
most likely have their tissue type kept on file until they reach age 60.

Pregnant women who want to donate their baby’s cord blood should make arrangements for it
early in the pregnancy, at least before the third trimester. Donation ifreafegnd does not affect
the birth process. For more, see the section called “How umbilical cord bloalteted.”

Informed consent and further testing: Before the donation

If a possible stem cell donor is a good match for a recipient, steps are tagachtthie donor
about the transplant process and make sure he or she is making an informed decig@soif a
decides to donate, a consent form must be signed after the risks of donatinky disdussed.
The donor is not pressured take part. It's always a choice.

If a person decides to donate, a medical exam and blood tests will be done to make sure the donor
is in good health.

How bone marrow stem cells are collected

This process is often calldwbne marrow harvestind it's done in an operating room. The donor is

put under general anesthesia (given medicine to put them into a deep sleep so tHeglduaiit)

while bone marrow is taken. The marrow cells are taken from the back of the(padyioone. A

large needle is put through the skin and into the back of the hip bone. It's pushed through the bone
to the center and the thick, liquid marrow is pulled out through the needle. This is repeatat s



times until enough marrow has been taken out (harvested). The amount taken depends on the
donor’s weight. Often, about 10% of the donor’s marrow, or about 2 pints, are collected. Tis take
about 1 to 2 hours. The body will replace these cells within 4 to 6 weeks. If blood was ¢aken fr

the donor before the marrow donation, it's often given back to the donor at this time.

After the bone marrow is harvested, the donor is taken to the recovery room whilestieeaia
wears off. The donor may then be taken to a hospital room and watched until falgndlable to
eat and drink. In most cases, the donor is free to leave the hospital within a few houtseor by t
next morning.

The donor may have soreness, bruising, and aching at the back of the hips and lower back for a
few days. Over-the-counter acetaminophen (Tyf®nai non-steroidal anti-inflammatory drugs

(such as aspirin, ibuprofen, or naproxen) are helpful. Some people may feel tired omdeak, a

have trouble walking for a few days. The donor might be told to take iron supplementseuntil t
number of red blood cells returns to normal. Most donors are back to their usual schedule in 2 to 3
days. But it could take 2 or 3 weeks before they feel completely back to normal.

There are few risks for donors and serious complications are rare. But bwoe mh@nation is a
surgical procedure. Rare complications could include anesthesia reactiactgnnteansfusion
reactions (if a blood transfusion of someone else’s blood is needed — this doesn’t happen if y
get your own blood), or injury at the needle insertion sites. Problems such as sarerthansea
may be caused by anesthesia.

Allogeneic stem cell donors do not have to pay for the harvesting because tlentasdipsurance
company usually covers the cost.

Once the cells are collected, they are filtered through fine mesh scraenprévents bone or fat
particles from being given to the recipient. For an allogeneic or syrgeaesplant, the cells may
be given to the recipient through a vein soon after they are harvested. Sonttetyreae frozen,
such as when the donor lives far away from the recipient.

How peripheral blood stem cells are collected

For several days before starting the donation process, the donor is given @jelztilyn (shot) of
filgrastim (Neupogef). This is a growth-factor drug that causes the bone marrow to make and
release stem cells into the blood. Filgrastim can cause some side difeat®st common being
bone pain and headaches. These may be helped by over-the-counter acetaminophendgiTylenol
nonsteroidal anti-inflammatory drugs (like aspirin or ibuprofen). Nausespistgproblems, low-
grade (mild) fevers, and tiredness are other possible effects. These goreedlge injections are
finished and collection is completed.

Blood is removed through a catheter (a thin, flexible plastic tube) that is put in aéarge the
arm or chest. It's then cycled through a machine that separates the $¢enoiwethe other blood
cells. The stem cells are kept while the rest of the blood is returned to the dooghttive same
catheter. This process is call@pheresiga-fur-REE-sis). It takes about 2 to 4 hours and is done
as an outpatient procedure. Often the process needs to be repeated daily faaya fenvtd
enough stem cells have been collected.

Possible side effects of the catheter can include trouble placing theecathée vein, a collapsed
lung from catheter placement, blockage of the catheter, or infection of theecathat the area
where it enters the vein. Blood clots are another possible side effect. lhaiagheresis



procedure donors may have problems caused by low calcium levels from the antivtodyigia

used to keep the blood from clotting in the machine. These can include feeling lightbeaded
tingly, and having chills or muscle cramps. These go away after donationpgetenbut may be
treated by giving the donor calcium supplements.

The process of donating cells for yourself (autologous stem cell donationitysrpueh the same
as when someone donates them for someone else (allogeneic donation). It’s justutedgous
stem cell donation the donor is also the recipient, giving stem cells for his@vherse later on.
For some people, there are a few differences. For instance, sometimeshelnepyotchemo) is
given before the filgrastim is used to tell the body to make stem cells. Alsetis@s it can be
hard to get enough stem cells from a person with cancer. Even after severalaj#ysresis, there
may not be enough for the transplant. This is more likely to be a problem if the patehad
certain kinds of chemo in the past, or if they have an iliness that affects themboosv.

Sometimes a second drug called plerixafor (MoZ9lil used along with filgrastim in people with
non-Hodgkin lymphoma or multiple myeloma. This boosts the stem cell numbers in the blood, and
helps reduce the number of apheresis sessions needed to get enough stem cettaultenay

nausea, diarrhea, and sometimes, vomiting. There are medicines to help if thesensybecome

a problem. Rarely the spleen can enlarge and even rupture. This can cause sevarblagding

and requires emergency medical care. The patient should tell the doctor righit taegyhave

any pain in their left shoulder or under their left rib cage which can be symptdhs of

emergency.

How umbilical cord blood is collected

Parents can donate their newborn’s cord blood to volunteer or public cord blood banks at no cost.
This process does not pose any health risk to the infant. Cord blood transplants use blood that
would otherwise be thrown away.

After the umbilical cord is clamped and cut, the placenta and umbilical corceareedl The cord
blood is put into a sterile container, mixed with a preservative, and frozen until needed.

Remember that if you want to donate or bank (save) your child’s cord blood, you wilbneed t
arrange it before the baby is born. Some banks require you to set it up before the 28th week of
pregnancy, although others accept later setups. Among other things, you wkébdeémanswer
health questions and sign a consent form.

Many hospitals collect cord blood for donation, which makes it easier for parents ta #amate
more about donating your newborn’s cord blood, call 1-800-MARROW?2 (1-800-627-7692) or
visit Be the Match.

Privately storing a baby’s cord blood for future use is not the same as donatingooardits
covered in the section called “Other transplant issues.”

To learn more

More information from your American Cancer Society

Here is more information you might find helpful. You also can order free copies dbouments
from our toll-free number, 1-800-227-2345, or read them on our website, www.cancer.org.



Dealing with cancer

After Diagnosis: A Guide for Patients and Families (also in Spanish)

Coping With Cancer in Everyday Life (also in Spanish)

Talking With Your Doctor (also in Spanish)

Understanding Your Lab Test Results

Helping Children When a Family Member Has Cancer: Dealing With Treatfalso in Spanish)
Talking With Friends and Relatives About Your Cancer (also in Spanish)

Distress in People With Cancer

Cancer treatment and side effects

Understanding Chemotherapy: A Guide for Patients and Families (also irsi9pani
Understanding Radiation Therapy: A Guide for Patients and Familiesr{é@g@anish)
Infections in People With Cancer

Blood Product Transfusion and Donation

Nutrition for the Person With Cancer During Treatment: A Guide for Pateot$amilies (also in
Spanish)

Fertility and Women With Cancer

Fertility and Men With Cancer

Sexuality for the Man With Cancer (also in Spanish)
Sexuality for the Woman With Cancer (also in Spanish)

Second Cancers Caused by Cancer Treatment

For caregivers

Caring for the Patient With Cancer at Home: A Guide for Patients and Fafaise in Spanish)
What It Takes to Be a Caregiver

What You Need to Know as a Cancer Caregiver

When Someone You Know Has Cancer (also in Spanish)

Books

Your American Cancer Society also has books that you might find helpful. Call+808t227-
2345 or visit our bookstore online at www.cancer.org/bookstore to find out about costs or to place
an order.



National organizations and websites*

Bethe Match (formerly theNational Marrow Donor Program)
Toll-free number: 1-800-MARROW-2 (1-800-627-7692)
Website: www.bethematch.org

Free booklets, webcasts, and online information for potential donors and patients, including
kids and teens. Helps patients find stem cell and cord blood matches, supports them
throughout the transplant process, from planning to life after transplant (seeSPatic

Families, Support and Resources section). Offers financial help to eligibleinadexd

patients through the Patient Assistance Program. Also offers an online applaradi

mail-order Kit to join the Be the Match donor registry. Interpreters availabfeeople who

call and can say (in English) what language they speak, though it may take antg@sm

Blood & Marrow Transplant Information Network
Toll-free number: 1-888-597-7674
Website: www.bmtinfonet.org

Provides information and support services to bone marrow, stem cell, and cord blood
transplant patients, caregivers, and survivors. “Caring Connection” matches you to a
transplant survivor to get support and guidance from someone who has had real experience
with the process; also can help with understanding insurance issues and hasaatranspl
center directory.

National Bone Marrow Transplant Link (nbmtLink)
Toll-free number: 1-800-LINK-BMT (1-800-546-5268)
Website: www.nbmtlink.org

Helps patients, caregivers, and families by providing information and supporeservic

before, during, and after transplant. Offers one-on-one conversations with trained peer
support volunteers who are transplant survivors, caregivers, and donors; telephone support
groups, facilitated by nurses, that link patients and families together taoraffaal

support; and videos and publications for patients and caregivers.

National Foundation for Transplants (NFT)
Toll-free number: 1-800-489-3863
Website: www.transplants.org

Provides fund raising guidance, which helps patients, their families, and frierdkseto r
money for all types of transplants, including stem cell or bone marrow, in the US.

*Inclusion on this list does not imply endorsemgnthe 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 B800-227-2345 or visit www.cancer.org.
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