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This booklet is written for patients with Philadelphia-
chromosome-positive (PH+) CML. This means that you 
have a genetic abnormality called the Philadelphia 
chromosome. If you are unsure if you have this specific 
subtype of CML, please check with your doctor.

Introduction

In this booklet, we cover:

• A brief summary of what
chronic myeloid leukaemia
(CML) is

• The science behind treating CML

• The drugs that are prescribed to
patients (and potential future
developments in treatment)

• The possibility of treatment-free
remission (TFR)

For more information, talk to your 
haematologist, clinical nurse 
specialist or hospital pharmacist.

This booklet was written and 
medically reviewed by Fast Facts. 
We are also grateful to Joanna 
Burridge, Fran Woodcock, Steven 
Davies, Colin Heyes and Tracey 
Littlebury for their contributions 
as patient reviewers. This booklet 
has then been updated by our 
Patient Information Writer, 
Isabelle Leach and peer reviewed 
by Mary Frances McMullin.

If you would like any information on the sources 
used for this booklet, please email  
communications@leukaemiacare.org.uk  
for a list of references.

Version 2 
Printed: 09/2020 

Review date: 09/2022
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Leukaemia Care is a national charity dedicated to ensuring 
that people affected by blood cancer have access to the 
right information, advice and support.

About Leukaemia Care

Our services
Helpline

Our helpline is available 8:30am 
– 5:00pm Monday - Friday and 
7:00pm – 10:00pm on Thursdays 
and Fridays. If you need someone 
to talk to, call 08088 010 444.

Alternatively, you can send 
a message via WhatsApp on 
07500068065 on weekdays 
9:00am – 5:00pm.

Nurse service

We have two trained nurses on 
hand to answer your questions 
and offer advice and support, 
whether it be through emailing 
nurse@leukaemiacare.org.uk or 
over the phone on 08088 010 444.

Patient Information Booklets

We have a number of patient 
information booklets like 
this available to anyone who 

has been affected by a blood 
cancer. A full list of titles – both 
disease specific and general 
information titles – can be 
found on our website at www.
leukaemiacare.org.uk/support-
and-information/help-and-
resources/information-booklets/

Support Groups

Our nationwide support groups 
are a chance to meet and talk 
to other people who are going 
through a similar experience. 
For more information about a 
support group local to your area, 
go to www.leukaemiacare.org.
uk/support-and-information/
support-for-you/find-a-support-
group/

Buddy Support

We offer one-to-one phone 
support with volunteers who have 
had blood cancer themselves 
or been affected by it in some 
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way. You can speak to someone 
who knows what you are going 
through. For more information  
on how to get a buddy call  
08088 010 444 or email  
support@leukaemiacare.org.uk

Online Forum

Our online forum,  
www.healthunlocked.com/
leukaemia-care, is a place 
for people to ask questions 
anonymously or to join in the 
discussion with other people in a 
similar situation.

Patient and carer conferences

Our nationwide conferences 
provide an opportunity to 
ask questions and listen to 
patient speakers and medical 
professionals who can provide 
valuable information and support. 

Website 

You can access up-to-date 
information on our website,  
www.leukaemiacare.org.uk.

Campaigning and Advocacy

Leukaemia Care is involved in 
campaigning for patient well-
being, NHS funding and drug 
and treatment availability. If you 
would like an update on any of 
the work we are currently doing or 
want to know how to get involved, 
email advocacy@leukaemiacare.
org.uk

Patient magazine

Our magazine includes 
inspirational patient and carer 
stories as well as informative 
articles by medical professionals: 
www.leukaemiacare.org.uk/
communication-preferences/
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Chronic myeloid leukaemia 
and the Philadelphia 
chromosome

Chronic myeloid leukaemia (CML) 
is a myeloproliferative neoplasm 
(MPN). MPNs are chronic disorders 
where the myeloid stem cells 
in the bone marrow can make 
too many abnormal blood cells 
which do not function properly. In 
CML, the myeloid cells multiply 
uncontrollably leading to large 
numbers of abnormal, immature 
myeloid cells called myeloblasts. 
These cells are immature white 
blood cells. 

Different types of white blood cells 
include granulocytes, monocytes, 
macrophages, and dendritic cells. 
Any of these may multiply in CML, 
but granulocytes are the cells 
which are most commonly known 
to do so. Granulocytes consist of 
three types of cells (neutrophils, 
eosinophils and basophils), all 
of which have small granules 
within the body of their cell, 
hence their name of granulocytes. 
These granules contain proteins 
used for fighting off viruses and 
bacteria. 

Tyrosine kinases are enzymes 
that switch ‘on’ and ‘off’ many 
of the functions of the body’s 
cells. One of their functions is 

to control how white blood cells 
grow and multiply. The majority 
of CML patients have a specific 
chromosome abnormality called 
the Philadelphia chromosome. 
The Philadelphia chromosome 
is formed when the Breakpoint 
Cluster Region (BCR) gene on 
chromosome 22 and the Abelson 
(ABL) gene on chromosome 9 
translocate (swap) parts of their 
DNA, resulting in an abnormal 
‘fusion’ gene called BCR-ABL1. 
This gene produces an abnormal 
tyrosine kinase which causes an 
overproduction of myeloid cells. 

CML usually presents in the 
chronic phase. If untreated, 
patients with CML will eventually 
progress to the accelerated and 
blast phases, which can be fatal. 
Details of the three separate 
stages in the development of CML 
are:

 • Chronic phase: Generally, no 
overt signs are present, but you 
may experience some milder 
symptoms or myeloid blast 
cells can be seen in the blood 
and bone marrow. Patients 
can remain in this phase for 
years and, with treatment, is 
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likely to not proceed onto the 
accelerated or blast phases of 
the disease.

 • Accelerated phase: Increased 
numbers of blast cells (10% 
to 30% of white blood cells) 
present in the blood and bone 
marrow, leading to symptoms 
becoming apparent. The 
accelerated phase normally 
lasts between three to nine 
months.

 • Blast phase: This is the final 
phase of CML, also called 
the blast crisis. The disease 
is similar to acute myeloid 
leukaemia (AML) during this 
stage, with more than 30% of 
bone marrow and blood cells 
being blast cells. Unless it is 
treated, death will occur within 
three to six months of entering 
the blast phase.

For further details of 
the causes, symptoms, 
diagnosis and clinical 
features of CML or 
AML, please see our 
information booklet 
on the Leukaemia 
Care website at www.
leukaemiacare.org.uk
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What are tyrosine kinase 
inhibitors (TKIs)?

Tyrosine kinase inhibitors 
(TKIs) are known as targeted 
chemotherapy drugs because 
they target a specific component 
of the myeloblasts to stop them 
from multiplying.

TKIs block the effect of BCR-ABL1 
and stop CML from progressing. 
For this reason, TKIs do not harm 
the body’s healthy cells in the 
way conventional chemotherapy 
drugs do. Targeted therapy using 
TKIs is now the most widely 
used treatment for CML and has 
transformed the outlook for CML 
patients. The majority of patients 
receiving daily treatment with 
TKIs can have their CML controlled 
for years and, for most of them, 
the progression of the CML to 
accelerated and blast phases of 
CML is halted.

Overall survival rates for CML 
patients treated with TKIs are 
now greater than 90% and many 
patients have survival rates 
comparable with that of the 
general population. 

Following the detection of the 
BCR-ABL1 tyrosine kinase, the first 
TKI, which was called imatinib, 

was designed to block and 
deregulate the activity of the BCR-
ABL1 gene. Imatinib is a selective 
inhibitor of the ABL kinase, and 
therefore stopped the growth of 
cells with the BCR-ABL1 fusion 
gene. If treatment with TKIs is 
stopped, the CML will come back 
in around 95% of patients because 
some original leukaemia cells still 
remain in the body. 

However, some CML patients who 
have had a very good response to 
treatment are able to have a break 
from taking their TKI treatment. 
This is called treatment-free 
remission (TFR). TFR is now the 
main treatment target for all 
patients with CML who achieve a 
stable and profound response to 
treatment. More details are given 
in a separate section on TFR later 
in the booklet.

Who receives TKIs?
Patients with myeloproliferative 
neoplasms and/or leukaemias 
with the Philadelphia 
chromosome (BCR-ABL1) may 
benefit from treatment with 
TKIs which block the BCR-ABL1 
gene and prevent its actions. As 
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well as in CML, the Philadelphia 
chromosome is also found 
in some patients with acute 
lymphoblastic leukaemia (ALL), 
AML, and the mixed-phenotype 
acute leukaemia.

TKIs which are currently being 
used for the treatment of CML 
include imatinib, nilotinib 
dasatinib, bosutinib and 
ponatinib. The next sections 
review these TKIs individually.

For further details of 
the causes, symptoms, 
diagnosis and clinical 
features of ALL and 
mixed-phenotype 
acute leukaemia, 
please see our 
information booklets 
on the Leukaemia 
Care website at www.
leukaemiacare.org.uk
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Imatinib

What is imatinib?
Developed in 1998, imatinib was 
the first TKI. It is known as a first 
generation TKI to differentiate 
it from the TKIs developed 
subsequently. The 10-year patent 
for imatinib, which was marketed 
under the brand name of Glivec 
by Novartis Pharmaceuticals UK 
Ltd, expired in December 2016. 
Following expiry of the patent, 
the generic version of imatinib 
can be manufactured by any 
pharmaceutical company. To get 
marketing authorisation these 
companies must show that their 
generic version works as well 
as the original and is as safe. 
Novartis Pharmaceuticals UK Ltd 
are still producing Glivec as a 
generic drug and at a much lower 
price.

Who receives imatinib?
Imatinib is approved for the use 
in adults and children with the 
following conditions:

 • Newly diagnosed Philadelphia 
chromosome-positive (Ph+) CML

 • Ph+ CML in the chronic phase 
after failure of interferon-alpha 

therapy, or in accelerated phase 
or blast crisis

 • Newly diagnosed Ph+ acute 
lymphoblastic leukaemia 
(Ph+ ALL) in combination with 
chemotherapy

Imatinib is approved for use 
in adults only for the following 
conditions:

 • Relapsed or refractory Ph+ ALL 
when given on its own 

 • Myelodysplastic or 
myeloproliferative diseases 
associated with platelet-derived 
growth factor receptor (PDGFR) 
gene mutations

 • Advanced hyper-eosinophilic 
syndrome and/or chronic 
eosinophilic leukaemia with 
the FIP1L1-PDGFRα fusion gene, 
where the FIP1L1 gene stands for 
Factor interacting with Papola 
and CPSF1 

 • Some rare types of cancer that 
occur in the stomach or under 
the skin

Unless patients have any risk 
factors which would make them 
resistant to it, imatinib is the 
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first-line treatment for CML. First-
line treatment is the treatment 
generally accepted by the medical 
profession as the best initial 
treatment for a given type and 
stage of cancer.

How is imatinib 
administered?
 • Imatinib comes in hard 
capsules of 100mg and 
400mg. If you are taking 
a generic imatinib from a 
different pharmaceutical, the 
formulation (tablet, capsule 
or powder) may vary; however, 
the active ingredient will be the 
same.

 • Imatinib is taken once a day. 
Your dose regimen will also 
be on the named label on the 
medicine packaging.

 • It is important to stick to your 
prescribed dose. If you are in 
any doubt about the dose to 
take, contact your doctor or 
nurse.

 • Swallow the tablets whole with 
a large glass of water during or 
immediately after a meal (to 
help avoid stomach upset).

 • If you have difficulty swallowing 
tablets, you can dissolve 
imatinib tablets in still water 
or clear apple juice. Use about 
50mL of water or juice for each 
100mg tablet. Drop the tablet in 
the liquid and stir with a spoon 
until the tablet has dissolved 
completely (the mixture will be 
cloudy). Drink all the mixture 
immediately.

 • You should take imatinib every 
day as prescribed otherwise 
the treatment will not have 
the desired effect. Try and take 
the tablet(s) at the same time 
every day, to help you remember 
to take them and to ensure 
the imatinib is as effective as 
possible. 

 • If you forget to take a tablet, 
take it as soon as you 
remember, unless it is nearly 
time to take the next normal 
dose. In which case, skip the 
missed tablet as it is important 
not to take a double dose.

 • You should continue taking 
imatinib until your doctor 
decides to stop the treatment. 
This could be because it is 
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Imatinib (cont.)

causing you unacceptable side 
effects, or it no longer works 
effectively. If you want to stop 
taking imatinib for any reason, 
discuss this with your doctor 
but continue to take it until you 
have had this discussion.

What are the side 
effects of imatinib? 
You may get some side effects 
when you first start taking 
imatinib. They are usually mild 
to moderate. Some people have 
very few side effects, whereas 
other people experience more of 
them. Imatinib is still working 
even if you don’t have any side 
effects. Your doctor can prescribe 
medicines to help with particular 
side effects if they become 
troublesome.

Most common side effects

 • Nausea, vomiting, diarrhoea or 
indigestion

 • Headache

 • Tiredness or fatigue

 • Rash

 • Leg aches/cramps or bone pain

 • A build-up of fluid in an area of 
the body often causing swelling 
(e.g. puffiness around the eyes 
or ankles)

 • Weight gain

 • Eye bleeds

Important side effects

The following side effects may be 
serious and require treatment. 
Contact your doctor straight 
away if you have any of these side 
effects:

 • A raised temperature (over 
37.5°C [99.5°F] or 38.0°C 
[100.4°F], depending on 
the advice given by your 
haematologist

 • Suddenly feeling unwell but 
your temperature is normal. You 
may have a sore throat, cough 
or diarrhoea, or need to pass 
urine more often if you have an 
infection (imatinib can reduce 
the number of white blood cells 
that fight infection)

 • Unexplained bruising or 
bleeding (e.g. nosebleed, 
bleeding gums, blood spots or 
rashes) – your levels of platelets 
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may be low

 • Rapid weight gain (imatinib can 
cause your body to retain fluid)

 • Eye pain, dry or watery eyes, or 
changes in vision

 • Severe rash

 • Feeling very tired or short of 
breath – you may have anaemia

Special considerations

 • Some children and adolescents 
taking imatinib may have 
slower than normal growth. For 
this reason, your doctor will 
monitor your child’s growth at 
regular intervals.

 • Imatinib can make you more 
sensitive to the sun, so it is 
important to use sunscreen 
with a high sun protection 
factor (such as factor 50) on 
exposed areas.

 • Substances which inhibit the 
CYP3A isoenzymes will interfere 
with the removal of imatinib 
from the body and therefore 
increase the level of imatinib 
in your body. This may increase 
side effects. These substances 

include some antibiotic drugs, 
antifungal drugs and grapefruit, 
blood or Seville oranges, 
pomegranate and star fruit. St 
John’s Wort, echinacea and aloe 
vera should also be avoided.

 • It is therefore important to let 
your medical team know about 
all the medications you are, or 
start, taking while on imatinib. 

 • Imatinib may make you feel 
dizzy or drowsy, or can cause 
blurred vision. Care should 
therefore be taken when driving, 
or using tools or machinery.

Fertility, pregnancy and 
breastfeeding
Fertility

There are no human studies 
on the effect of imatinib on 
fertility, although imatinib is 
known not to have an impact 
on fertility in animal studies. 
Patients concerned about their 
fertility should consult with their 
physician.

Pregnancy

Animal studies have shown toxic 
effects on the baby. There have 
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Imatinib (cont.)

been reports of spontaneous 
abortions and infant congenital 
anomalies in women who 
have taken imatinib. Women 
are recommended to avoid 
becoming pregnant by the use 
of effective contraception during 
treatment. Imatinib should not 
be used during pregnancy unless 
absolutely necessary.

However, it is still possible for CML 
patients to have a baby. If this is 
something you are considering, 
it is important to speak to your 
consultant.

Breastfeeding

Studies have shown that imatinib 
is excreted in breast milk. Women 
who are taking imatinib are 
advised not to breastfeed.

What happens if 
imatinib doesn’t work 
for me?
Your doctor will monitor your 
blood cell count by taking regular 
blood samples during your 
treatment to monitor how well 
imatinib is working. Imatinib is 
a first generation TKI and some 
CML patients with additional 

mutations have become resistant 
to it. If imatinib doesn’t work, 
or has stopped working, for 
you, your doctor will prescribe a 
different TKI or a different type of 
treatment. 

With knowledge of your genetic 
results, your physical condition 
and any new treatments available, 
your consultant can recommend 
and discuss the best options 
available to you. Options that may 
be available to you may include:

 • A second or third generation TKI. 
Your haematologist will select 
the second or third generation 
TKI based on the phase of your 
disease, your mutation profile, 
and any other diseases you may 
have (e.g. heart or lung).

 • For patients in the chronic 
phase of CML, but who have 
the T315I mutation, the third 
generation TKI ponatinib is the 
first line of treatment followed 
by allo-SCT.

 • For patients in the advanced 
phase of CML, a combination of 
chemotherapy and a TKI (mainly 
ponatinib or dasatinib) is often 
used.



Helpline freephone 08088 010 444 15

 • For younger patients and those 
patients who can withstand it, 
an allo-SCT can help destroy 
any remaining leukaemia 
cells in the body to prevent a 
relapse. An allo-SCT involves the 
transplantation of bone marrow 
stem cells from a matching 
donor such as sibling, parent or 
child. 

 • For patients who cannot tolerate 
TKIs or an allo-SCT, older agents 
such as hydroxycarbamide, 
interferon-alpha, busulfan, 
6-mercaptopurine, cytarabine, 
decitabine can be used.
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What is nilotinib?
Nilotinib is one of three approved 
TKIs that were introduced after 
imatinib, and as such is known 
as a second generation TKI. It 
is marketed under the brand 
name of Tasigna™ by Novartis 
Pharmaceuticals UK Ltd. It is still 
protected by its patent. 

These TKIs work in slightly 
different ways from imatinib. 
They are more effective and may 
control CML quicker. Nilotinib may 
work when imatinib does not.

Who receives nilotinib?
Nilotinib is approved for the 
following patients with CML: 

 • Adults and children with newly 
diagnosed Ph+ CML in the 
chronic phase

 • Adults in the chronic and 
accelerated phases of Ph+ 
CML, who are resistant 
or intolerant to previous 
treatments including imatinib 
(efficacy data in patients in the 
blast phase Ph+ CML are not 
available)

 • Children in the chronic phase 
of Ph+ CML who are resistant 

or intolerant to previous 
treatments including imatinib

How is nilotinib 
administered?
 • Nilotinib is available as hard 
capsules 150mg or 200mg.

 • Nilotinib is taken with water 
twice a day in the morning and 
the evening, ideally about 12 
hours apart. Your doctor will 
tell you how many tablets to 
take and how often. Your dose 
regimen will also be on the 
named label on the medicine 
packaging. 

 • It is important to stick to your 
prescribed dose. If you have 
any doubt about how many 
capsules to take, contact your 
haematologist or nurse.

 • Nilotinib capsules should be 
swallowed whole with a glass of 
water.

 • Nilotinib must not be taken with 
food to ensure that it is fully 
absorbed into the body, and 
the medicine is as effective as 
possible. You should not eat for 
two hours before and one hour 
after taking nilotinib. This also 

Nilotinib
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includes alcohol.

 • If you have difficulty swallowing 
the capsules, you may carefully 
cut open the capsule and tip 
the contents into a teaspoonful 
of apple sauce or puree, and 
swallow it all straight away. You 
should not use any more sauce 
than this, or mix the capsule 
contents with any other type of 
food.

 • You should take nilotinib every 
day as prescribed otherwise it 
will not have the desired effect. 
Try and take the tablets at the 
same times every day to help 
you remember to take them and 
to ensure that the treatment is 
as effective as possible. 

 • If you forget to take your dose, 
wait until the next dose is due. 
Do not take the missed tablet.

 • You should continue taking 
nilotinib until your doctor 
decides to stop the treatment. 
This could be because it is 
causing you unacceptable side 
effects, or it no longer works 
effectively. If you want to stop 
taking nilotinib for any reason, 
discuss this with your doctor 
but continue to take it until you 

have had this discussion.

 • If you want to stop taking 
nilotinib for any reason, discuss 
this with your doctor but 
continue to take it until you 
have had this discussion.

What are the side 
effects with nilotinib? 
You may get some side effects 
when you first start taking 
nilotinib. They are usually mild 
to moderate. Some people have 
very few side effects, whereas 
other people experience more of 
them. Nilotinib is still working 
even if you don’t have any side 
effects. Your doctor can prescribe 
medicines to help with particular 
side effects if they become 
troublesome.

Most common side effects

 • Nausea, vomiting, upper 
abdominal pain, constipation or 
diarrhoea

 • Headache

 • Tiredness or fatigue

 • Muscle pain or spasms, pain in 
joints or bone pain 

 • Dry or itchy skin, rash
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 • Hair thinning or loss (this is 
often temporary)

Important side effects

The following side effects may be 
serious and require treatment. 
Contact your doctor straight 
away if you have any of these side 
effects:

 • Suddenly feeling unwell with or 
without a high temperature. You 
may have a sore throat, cough 
or diarrhoea, or need to pass 
urine more often meaning you 
may have an infection. 

 • Unexplained bruising or 
bleeding (e.g. nosebleed, 
bleeding gums, blood spots, 
rashes) - your levels of platelets 
may be low.

 • Excessive thirst, urination or 
tiredness, or an increase in 
appetite with weight loss. This 
may be signs of high levels of 
sugar in the blood.

 • Loss of consciousness, fainting 
or changes to your heart rhythm 
(rapid or slow heart rate) as this 
may be a sign of a serious heart 
condition which can lead to 
sudden death.

 • Chest pain or discomfort, 
numbness or weakness, 
problems with walking or with 
speech, pain, discolouration or 
a cool feeling in a limb, as these 
may be signs of cardiovascular 
events. These include problems 
with the blood flow to the limbs 
(could be a sign of a blocked 
artery), a heart attack and 
problems with the blood supply 
to the brain (possible stroke). 

 • Swelling of the feet or hands, 
generalised swelling or rapid 
weight gain as these may be 
signs of severe fluid retention. 

Special considerations

 • Some children and adolescents 
taking nilotinib may have 
slower than normal growth. For 
this reason, your haematologist 
will monitor your child’s growth 
at regular intervals.

 • Nilotinib can make you more 
sensitive to the sun, so it is 
important to use sunscreen 
with a high sun protection 
factor (such as factor 50) on 
exposed areas.

 • Substances which inhibit 
the CYP3A isoenzymes will 
interfere with the removal of 

Nilotinib (cont.)
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nilotinib from the body and 
therefore increase its level in 
your body. This may increase 
side effects. These substances 
include some antibiotic drugs, 
antifungal drugs and grapefruit 
and other citrus fruits. It is 
therefore important to let your 
medical team know about all 
the medications including you 
are, or start, taking while on 
nilotinib as well as to double 
check any natural remedies 
before you start taking them, 
such as St John’s Wort. 

 • Nilotinib may make you feel 
dizzy or drowsy, or can cause 
blurred vision. Care should 
therefore be taken when driving, 
or using tools or machinery.

Fertility, pregnancy and 
breastfeeding
Fertility

There are no human studies of 
the effect of nilotinib on fertility, 
although nilotinib did not have 
an impact on fertility in animal 
studies. Patients concerned about 
their fertility should consult with 
their physician.

Pregnancy

Animal studies in pregnant rats 
and rabbits have shown toxic 
effects of nilotinib with foetal 
abnormalities. There are no 
studies of the effect of nilotinib on 
human pregnancies. 

Women of childbearing potential 
should be advised to avoid 
becoming pregnant by the use 
of effective contraception during 
treatment and for two weeks after 
stopping treatment. Nilotinib 
should not be used during 
pregnancy unless absolutely 
necessary.

However, it is still possible for CML 
patients to have a baby. If this is 
something you are considering, 
it is important to speak to your 
consultant.

Breastfeeding

Studies have shown that nilotinib 
is excreted in breast milk. Women 
who are taking nilotinib are 
advised not to breastfeed during 
treatment and for two weeks after 
stopping treatment.
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What happens if 
nilotinib doesn’t work 
for me?
Your haematologist will take 
regular blood tests during 
treatment to check the number 
of your blood cells and to closely 
monitor how well nilotinib is 
working. Your haematologist 
will also monitor your pancreas 
and liver function, your levels of 
potassium, magnesium, sugar 
and fats in your blood, as these 
may be affected by treatment with 
nilotinib.

Nilotinib is a second generation 
TKI. If it doesn’t work, or has 
stopped working for you, your 
haematologist can prescribe a 
different second generation TKI or 
a third generation TKI. 

With knowledge of your genetic 
results, your physical condition 
and any new treatments 
available, your haematologist can 
recommend and discuss the best 
options available to you. Options 
that may be available to you may 
include:

 • Another second generation TKI 
or third generation TKI. Your 
haematologist will select the 

second or third generation TKI 
based on the phase of your 
disease, your mutation profile, 
and any other diseases you may 
have (e.g., heart or lung).

 • For patients in the chronic 
phase of CML, but who have 
the T315I mutation, the third 
generation TKI ponatinib is the 
first line of treatment followed 
by allo-SCT.

 • For patients in the advanced 
phase of CML, a combination 
of conventional chemotherapy 
and a TKI (mainly ponatinib or 
dasatinib) is often used.

 • For younger patients and those 
patients who can withstand it, 
an allo-SCT can help destroy 
any remaining myeloblast 
cells in the body to prevent a 
relapse. An allo-SCT involves the 
transplantation of bone marrow 
stem cells from a matching 
donor such as sibling, parent or 
child.

Nilotinib (cont.)
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Dasatinib

What is dasatinib?
Dasatinib is one of three second 
generation TKIs that were 
introduced after imatinib. It 
is marketed under the brand 
name of Sprycel™ by the 
pharmaceutical company Bristol 
Myers Squibb Pharma.

These TKIs work in slightly 
different ways from imatinib. 
They are more effective and may 
control CML quicker. Dasatinib 
may work when imatinib does not.

Who receives 
dasatinib?
Dasatinib is approved for the 
treatment of adult patients with:

 • Newly diagnosed Ph+ CML in the 
chronic phase

 • Chronic, accelerated or blast 
phase CML, with resistance or 
intolerance to prior therapy, 
including imatinib

 • Ph+ ALL and lymphoid blast CML 
with resistance or intolerance to 
previous therapies

It is indicated for the treatment of 
children with:

 • Newly diagnosed Ph+ CML in the 

chronic phase, and resistant 
or intolerant to prior therapy 
including imatinib

 • Newly diagnosed Ph+ ALL in 
combination with conventional 
chemotherapy

How is dasatinib 
administered?
 • Dasatinib comes in film-coated 
tablets 20mg, 50mg, 70mg, 
80mg, 100mg or 140mg. It is also 
available in powder formulation 
for children and adults who 
cannot swallow tablets. The 
dosage prescribed for children 
will depend on the child’s 
bodyweight.

 • Dasatinib is taken once a day. 
The dose of dasatinib depends 
on the phase of your CML. Your 
haematologist will tell you how 
many tablets to take and how 
often. Your dose regimen will 
also be on the named label on 
the medicine packaging.

 • It is important to stick to your 
prescribed dose. If you are 
in any doubt about the dose, 
contact your haematologist or 
nurse.

 • Dasatinib can be taken with or 



www.leukaemiacare.org.uk22

without food. 

 • Swallow the tablets whole with 
a glass of water. Do not crush, 
chew or dissolve the tablets, as 
they won’t work properly. 

 • You should take dasatinib every 
day as prescribed otherwise 
the treatment will not have the 
desired effect. Try and take the 
tablet(s) at the same time every 
day, to help you remember to 
take them, and to ensure that it 
is as effective as possible.

 • If you forget to take a tablet, 
take it as soon as you 
remember, unless it is nearly 
time to take the next dose, in 
which case skip the missed 
tablet. It is important not to 
take a double dose.

 • You should continue taking 
dasatinib until your doctor 
decides to stop the treatment. 
This could be because it is 
causing you unacceptable side 
effects, or it no longer works 
effectively. If you want to stop 
taking imatinib for any reason, 
discuss this with your doctor 
but continue to take it until you 
have had this discussion.

What are the side 
effects of dasatinib? 
You may get some side effects 
when you first start taking 
dasatinib. They are usually mild to 
moderate. Some people have very 
few side effects, whereas other 
people experience more of them. 
Dasatinib is still working even if 
you don’t have any side effects. 
Your haematologist can prescribe 
medicines to help with particular 
side effects if they become 
troublesome.

Most common side effects

 • Infections (bacterial, viral and 
fungal)

 • Fever

 • Nausea, vomiting, diarrhoea or 
abdominal pain

 • Headache

 • Tiredness or fatigue

 • Shortness of breath (you may 
have anaemia as your bone 
marrow is not working properly 
or an accumulation of fluid 
around the heart and lungs)

 • Bleeding or haemorrhages

 • Pain in the muscles and joints

Dasatinib (cont.)
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 • Swelling around the face, hands 
and feet, which is due to fluid 
retention

 • Skin rash

Important side effects

The following side effects may be 
serious and require treatment. 
Contact your doctor straight 
away if you have any of these side 
effects:

 • Chest pain, breathing problems, 
coughing or fainting – dasatinib 
occasionally affects the heart.

 • Suddenly feeling unwell with 
or without a temperature. You 
may have a sore throat, cough 
or diarrhoea, or need to pass 
urine more often if you have an 
infection (dasatinib can reduce 
the number of white blood cells 
that fight infection).

 • Unexplained bruising or 
bleeding (e.g. nosebleed, 
bleeding gums, blood spots or 
rashes). You may see blood in 
your vomit, stools or urine, or 
sometimes you may have black 
stools. This may be because 
your levels of platelets are low.

Special considerations

 • Some children and adolescents 
taking dasatinib may have 
slower than normal growth. 
Your haematologist will monitor 
your child’s growth at regular 
intervals.

 • Substances which inhibit the 
CYP3A isoenzymes interfere 
with the removal of dasatinib 
from the body, and therefore will 
increase the level of dasatinib 
in the body. This may increase 
side effects. These substances 
include some antibiotic drugs, 
antifungal drugs and grapefruit 
and other citrus fruits. It is 
therefore important to let your 
medical team know about all 
the medications you are, or 
start, taking while on dasatinib. 
Your medical team will 
adjust your dose of dasatinib 
accordingly.

 • Dasatanib is excreted from 
the body by the liver. Certain 
medicines which affect the 
liver may stop dasatinib from 
working properly. Ask your 
doctor about these medicines.

 • Dasatinib may make you feel 
dizzy or drowsy, or can cause 
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Dasatinib (cont.)

blurred vision. Care should 
therefore be taken when driving, 
or using tools or machinery.

 • Dasatanib can cause hepatitis 
B to become active again if 
you have had it previously. 
Your haematologist will check 
for signs of infection before 
treatment.

Fertility, pregnancy and 
breastfeeding
Fertility

There are no human studies 
of the effect of dasatinib on 
fertility, although it has been 
shown not to have an impact 
on fertility in animal studies. 
Patients concerned about their 
fertility should consult with their 
physician. 

Pregnancy

Animal studies have shown 
toxic effects on babies. Reports 
in humans suggest that 
dasatinib may cause congenital 
malformations, including neural 
tube defects, which are defects to 
the developing nervous system. 
Women of childbearing potential 
should be advised to avoid 
becoming pregnant by the use 
of effective contraception during 

treatment. Dasatinib should not 
be used during pregnancy unless 
absolutely necessary.

However, it is still possible for CML 
patients to have a baby. If this is 
something you are considering, 
it is important to speak to your 
consultant.

Breastfeeding

There is insufficient data to show 
if dasatinib is excreted in breast 
milk. However, as a precaution, 
women who are taking dasatinib 
are advised not to breastfeed.

What happens if 
dasatinib doesn’t work 
for me?
Your haematologist will take 
regular blood tests during 
treatment to check the levels of 
your blood cells and to closely 
monitor how well dasatinib is 
working. Your haematologist will 
also monitor the function of all 
your organs using these regular 
blood tests.

Dasatinib is a second generation 
TKI. If it doesn’t work, or has 
stopped working for you, your 
haematologist can prescribe a 
different second generation TKI or 
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a third generation TKI. 

With knowledge of your genetic 
results, your physical condition 
and any new treatments 
available, your haematologist can 
recommend and discuss the best 
options available to you. Options 
that may be available to you may 
include:

 • Another second generation TKI 
or a third generation TKI. Your 
haematologist will select the 
appropriate TKI based on the 
phase of your disease, your 
mutation profile, and any other 
diseases you may have.

 • For patients in the chronic 
phase of CML but who have 
the T315I mutation, the third 
generation TKI ponatinib is the 
first line of treatment followed 
by allo-SCT.

 • For patients in the advanced 
phase of CML, a combination of 
chemotherapy and a TKI (mainly 
ponatinib or dasatinib) is often 
used.

 • For younger patients and those 
patients who can withstand it, 
an allo-SCT can help destroy 
any remaining leukaemia 
cells in the body to prevent a 

relapse. An allo-SCT involves the 
transplantation of bone marrow 
stem cells from a matching 
donor such as sibling, parent or 
child.
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What is bosutinib?
Bosutinib is one of three second 
generation TKIs that were 
introduced after imatinib. It is 
marketed under the brand name 
of Bosulif™ by Pfizer Europe. 

These TKIs work in slightly 
different ways from imatinib. 
They are more effective and may 
control CML quicker. Bosutinib 
may work when imatinib does not.

Who receives 
bosutinib?
Bosulif is indicated for the 
treatment of adult patients with:

 • Newly diagnosed chronic phase 
Ph+ CML 

 • Accelerated phase and blast 
phase Ph+ CML in patients 
previously treated with one 
or more TKIs and for whom 
imatinib, nilotinib and dasatinib 
are not considered appropriate 
treatment options.

How is bosutinib 
administered?
 • Bosutinib comes in film-tablets 
containing 100mg, 400mg or 
500mg of the medicine.

 • Bosutinib is taken once a 
day. The dose of bosutinib 
will depend on the phase of 
your CML, your response to 
treatment, other medical 
conditions and side effects. Your 
doctor will tell you how many 
tablets to take and how often. 
Your dose regimen will also 
be on the named label on the 
medicine packaging.

 • It is important to stick to 
your prescribed dose. If you 
are in any doubt contact your 
haematologist or nurse.

 • Bosutinib should be taken with 
food. Swallow the tablets whole 
with a glass of water. Do not 
crush or dissolve the tablets, as 
they won’t work properly.

 • You should take bosutinib every 
day as prescribed otherwise 
the treatment will not have the 
desired effect. Try and take the 
tablet(s) at the same time every 
day, to help you remember to 
take them, and to ensure that it 
is as effective as possible. 

 • If you forget to take a tablet, 
take it as soon as you 
remember, unless it is nearly 
time to take the next dose. 

Bosutinib
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In this case, skip the missed 
tablet. It is important not to 
take a double dose.

 • You should continue taking 
bosutinib until your doctor 
decides to stop the treatment. 
This could be because it is 
causing you unacceptable side 
effects, or it no longer works 
effectively. If you want to stop 
taking bosutinib for any reason, 
discuss this with your doctor 
but continue to take it until you 
have had this discussion.

What are the side 
effects of bosutinib? 
You may get some side effects 
when you first start taking 
bosutinib. They are usually mild to 
moderate. Some people have very 
few side effects, whereas other 
people experience more of them. 
Bosutinib is still working even if 
you don’t have any side effects. 
Your haematologist can prescribe 
medicines to help with particular 
side effects if they become 
troublesome.

Most common side effects

 • Nausea, vomiting, upper 
abdominal pain or diarrhoea

 • Decreased appetite

 • Headache

 • Liver or pancreas problems 
(regular blood tests will show 
these)

 • Low blood cell counts of 
platelets, red blood cells 
(anaemia) and/or white blood 
cells because the bone marrow 
is not functioning properly

 • Coughs, colds and chest 
infections due to the reduced 
number of white blood cells that 
fight infection

 • Fever

 • Tiredness, fatigue or weakness

 • Back or joint pain

 • Breathlessness or cough due to 
fluid around the heart or lungs, 
or lung infection

 • Skin rash

Important side effects

The following side effects may be 
serious and require treatment. 
Contact your haematologist 
straight away if you have any of 
these side effects:

 • Suddenly feeling unwell with or 
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without a high temperature. You 
may have a sore throat, cough 
or diarrhoea, or need to pass 
urine more often if you have an 
infection (bosutinib can reduce 
the number of white blood cells 
that fight infection).

 • Any liver, pancreas or 
kidney problems. Tell your 
haematologist if you have any 
discomfort in the stomach area 
or pain in your side, or if you are 
passing more or less urine than 
usual.

 • An increase in the number of 
bowel movements per day, or 
blood in your stools, vomit or 
urine.

 • Unexplained bruising or 
bleeding (e.g. nosebleed, 
bleeding gums, blood spots, 
rashes) – your levels of platelets 
may be low.

 • Feeling very tired or short of 
breath – you may have anaemia.

 • Chest pain, feeling dizzy or 
changes to your heart rhythm 
(rapid or slow heart rate) as this 
may be a sign of a serious heart 
condition which can lead to 
sudden death.

Special considerations

 • Bosutinib has not yet been 
studied in children and 
adolescents less than 18 
years of age. It is therefore not 
approved for children.

 • Substances which inhibit the 
CYP3A isoenzymes interfere 
with the removal of bosutinib 
from the body; therefore, they 
may increase the level of 
bosutinib in the body. This may 
increase side effects. These 
substances include some 
antibiotic drugs, antifungal 
drugs, and grapefruit and other 
citrus fruits. It is therefore 
important to let your medical 
team know about all the 
medications you are, or start, 
taking while on bosutinib. Your 
medical team will adjust your 
dose of bosutinib accordingly.

 • Patients with severe vomiting 
can be managed with anti-
emetic medications and fluid 
replacement. However, the 
anti-emetic domperidone can 
alter the heart’s rhythm and 
should be avoided, unless other 
anti-emetics are not effective. 
If domperidone is given, the 
patient should be closely 

Bosutinib (cont.)
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monitored. 

 • Bosutinib has very little 
influence on the ability to drive 
or use tools or machinery. 
However, if you should feel 
dizzy or drowsy, or have blurred 
vision, care should be taken.

 • Bosutinib can cause hepatitis 
B to become active again if 
you have had it previously. 
Your haematologist will check 
for signs of infection before 
treatment. 

Fertility, pregnancy and 
breastfeeding
Fertility

There are no human studies 
of the effect of bosutinib on 
fertility, although it did not have 
an impact on fertility in animal 
studies. Patients concerned about 
their fertility should consult with 
their physician.

Pregnancy

Animal studies have shown toxic 
effects of bosutinib with foetal 
abnormalities. There is limited 
data of the effect of bosutinib on 
human pregnancies. 

Women of childbearing potential 

should be advised to avoid 
becoming pregnant by the use 
of effective contraception during 
treatment and for one month after 
stopping treatment. Bosutinib 
should not be used during 
pregnancy.

However, it is still possible for CML 
patients to have a baby. If this is 
something you are considering, 
it is important to speak to your 
consultant.

Breastfeeding

Studies have shown bosutinib is 
excreted in breast milk. Women 
who are taking bosutinib are 
advised not to breastfeed during 
treatment and for one month after 
stopping treatment.

What happens if 
bosutinib doesn’t work 
for me?
Your haematologist will take 
regular blood tests during 
treatment to check the levels of 
your blood cells, and to closely 
monitor how well bosutinib is 
working. Your haematologist 
will also monitor the function of 
all your organs by using these 
regular blood tests.
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Bosutinib is a second generation 
TKI. If it doesn’t work, or has 
stopped working for you, your 
haematologist can prescribe a 
different second generation TKI or 
a third generation TKI. 

With knowledge of your genetic 
results, your physical condition 
and any new treatments available, 
your consultant can recommend 
and discuss the best options 
available to you. Options that may 
be available to you may include:

 • A second or third generation TKI. 
Your haematologist will select 
the second or third generation 
TKI based on the phase of your 
disease, your mutation profile, 
and any other diseases you may 
have (e.g. heart or lung).

 • For patients in the chronic 
phase of CML but who have 
the T315I mutation, the third 
generation TKI ponatinib is the 
first line of treatment followed 
by allo-SCT.

 • For patients in the advanced 
phase of CML, a combination of 
chemotherapy and a TKI (mainly 
ponatinib or dasatinib) is often 
used.

 • For younger patients and those 

patients who can withstand it, 
an allo-SCT can help destroy 
any remaining myeloblasts in 
the body to prevent a relapse. 
An allo-SCT involves the 
transplantation of bone marrow 
stem cells from a matching 
donor such as sibling, parent or 
child. 

 • For patients who cannot tolerate 
TKIs or an allo-SCT, older agents 
such as hydroxycarbamide, 
interferon-alpha, busulfan, 
6-mercaptopurine, cytarabine, 
decitabine can be used.

Bosutinib (cont.)
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What is ponatinib?
Ponatinib is a third generation TKI 
marketed under the brand name 
of Iclusig™ by Incyte Biosciences 
Distribution BV. Ponatinib is more 
effective than all the other TKIs.

Most patients with Ph+ CML 
respond to first and second 
generation TKIs. However, in some 
patients, treatment with these 
TKIs can result in drug resistance 
caused by changes in the BCR-ABL 
gene that prevents the TKIs from 
working. One of these changes 
is a mutation known as T315I. 
Ponatinib was developed to treat 
these patients with the T315I 
mutation. You may be tested for 
this mutation if you show no 
improvement after taking first- 
and second-generation TKIs.

While being the only TKI effective 
in patients with T315I mutation, 
ponatinib is not considered as the 
first-line treatment because of 
its side effects. Clinical trials are 
being conducted to see if the high 
level of response with ponatinib 
can be achieved without its 
cardiovascular risk by decreasing 
the doses of the drug.

Who receives 
ponatinib?
Before you are given ponatinib, 
your medical team will evaluate 
your cardiovascular status which 
will include a medical history 
check, physical examination and 
assessment of any cardiovascular 
risk factors such as hypertension, 
history of smoking, high 
cholesterol and diabetes.

Ponatinib is used in adults with:

 • Chronic phase, accelerated 
phase, or blast phase CML, who 
are resistant or intolerant to 
dasatinib or nilotinib, and for 
whom subsequent treatment 
with imatinib is not clinically 
appropriate, or who have the 
T315I mutation.

 • Ph+ ALL who are resistant or 
intolerant to dasatinib, and for 
whom subsequent treatment 
with imatinib is not clinically 
appropriate; or who have the 
T315I mutation.

The use of ponatinib has not been 
studied in children or adolescents.

If patients are resistant to second 
generation TKIs, and do not 
have any specific mutations or 

Ponatinib
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cardiovascular risk factors, then 
ponatinib becomes the treatment 
of choice rather than a different 
second generation TKI.

How is ponatinib 
administered?
 • Ponatinib comes in film-coated 
tablets containing 15mg, 30mg 
or 45mg.

 • Ponatinib is taken once a 
day. The dose of ponatinib 
will depend on the phase of 
your CML, your response to 
treatment, other medical 
conditions and side effects. 
Your doctor will tell you how 
many tablets to take. Your dose 
regimen will also be on the 
named label on the medicine 
packaging. 

 • It is important to stick to 
your prescribed dose. If you 
are in any doubt contact your 
haematologist or nurse.

 • Ponatinib can be taken with 
or without food. Swallow the 
tablets whole with a glass of 
water. Do not crush or dissolve 
the tablets, as they won’t work 
properly.

 • You should take ponatinib every 

day as prescribed otherwise 
the treatment will not have the 
desired effect. Try and take the 
tablets at the same time every 
day, to help you remember to 
take them, and to ensure that it 
is as effective as possible. 

 • If you forget to take a tablet, 
take it as soon as you 
remember, unless it is nearly 
time to take the next normal 
dose, in which case skip the 
missed tablet. It is important 
not to take a double dose.

 • You should continue taking 
ponatinib until your doctor 
decides to stop the treatment. 
This could be because it is 
causing you unacceptable side 
effects, or it no longer works 
effectively. If you want to stop 
taking ponatinib for any reason, 
discuss this with your doctor 
but continue to take it until you 
have had this discussion.

What are the side 
effects of ponatinib? 
Most common side effects

You may get some side effects 
when you first start taking 
ponatinib. They are usually mild to 
moderate. Some people have very 

Ponatinib (cont.)
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few side effects, whereas other 
people experience more of them. 
Ponatinib is still working even if 
you don’t have any side effects. 
Your haematologist can prescribe 
medicines to help with particular 
side effects if they become 
troublesome.

 • Nausea, vomiting, upper 
abdominal pain or diarrhoea

 • Cough, colds and 
breathlessness

 • Decreased appetite

 • Lower levels of red blood cells, 
white blood cells or platelets 
as your bone marrow is not 
working properly

 • High blood pressure

 • Liver problems (regular blood 
tests will show this)

 • Fever and infections

 • Headache or dizziness

 • Tiredness or fatigue

 • Muscle or joint pain

 • Swelling in your arms or legs, 
which is due to fluid retention

 • Dry skin or rash

 • Difficulty sleeping

Important side effects

The following side effects may be 
serious and require treatment. 
Contact your haematologist 
straight away if you have any of 
these side effects:

 • Suddenly feeling unwell with or 
without a high temperature. You 
may have a sore throat, cough 
or diarrhoea, or need to pass 
urine more often, meaning you 
may have an infection. 

 • Unexplained bruising or 
bleeding (e.g. nosebleed, 
bleeding gums, blood spots or 
rashes) – your levels of platelets 
may be low.

 • Feeling very tired or short of 
breath – you may have anaemia.

 • A build-up of fluid in an area of 
the body often causing swelling 
(e.g. puffiness around the eyes 
or ankles) or suddenly gaining 
weight – you may have severe 
fluid retention.

 • Difficulties breathing.

 • Changes to your heart rhythm 
(e.g. rapid heart rate), chest 
pain or feeling dizzy – ponatinib 
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occasionally affects the heart.

 • Abnormal pain, numbness or 
tingling in one area of the body 
– you may have a blood clot or 
circulation problems.

 • Severe pain in back or muscles.

Special considerations

 • Cardiovascular side effects have 
been reported with ponatinib 
in about 25% of patients; 
therefore, your cardiovascular 
status will be monitored 
throughout your treatment and 
any conditions that contribute 
to cardiovascular risk will be 
managed.

 • Substances which inhibit the 
CYP3A isoenzymes will interfere 
with the removal of ponatinib 
from the body; therefore, it may 
increase the level of ponatinib 
in the body. This may increase 
side effects. These substances 
include some antibiotic drugs, 
antifungal drugs and grapefruit 
and other citrus fruits. It is 
therefore important to let your 
medical team know about all 
the medications you are, or 
start, taking while on ponatinib. 

 • Ponatinib may make you feel 

dizzy or drowsy, or can cause 
blurred vision. Care should 
therefore be taken when driving, 
or using tools or machinery.

 • Ponatinib can cause hepatitis 
B to become active again if you 
have had it previously. Your 
doctor will check for signs of 
infection before treatment. 

Fertility, pregnancy and 
breastfeeding
Fertility

There are no human studies 
of the effect of ponatinib on 
fertility, although it did not have 
an impact on fertility in animal 
studies. Patients concerned about 
their fertility should consult with 
their physician.

Pregnancy

There are no human studies 
of the effect of ponatinib in 
pregnancy. Animal studies have 
shown toxic effects on the baby. 
Women of childbearing potential 
should be advised to avoid 
becoming pregnant by the use 
of effective contraception during 
treatment. Ponatinib should not 
be used during pregnancy unless 
absolutely necessary.

Ponatinib (cont.)
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However, it is still possible for CML 
patients to have a baby. If this is 
something you are considering, it 
is important to speak to speak to 
your consultant.

Breastfeeding

It is not known if ponatinib is 
excreted in breast milk. Women 
who are taking ponatinib are 
advised not to breastfeed.

What happens if 
ponatinib doesn’t work 
for me?
Your doctor will monitor your 
blood cell count by taking regular 
blood samples during your 
treatment to monitor how well 
ponatinib is working. Ponatinib 
is a third generation TKI with 
efficacy in CML patients with 
the T315I mutation; however, in 
some CML patients there may be 
additional mutations. 

The presence of greater than 10% 
of BCR-ABL1 mutated cells after 
three months of treatment is an 
indicator that your treatment has 
not succeeded. If ponatinib hasn’t 
worked, or has stopped working 
for you, your haematologist is the 
best person to recommend and 

discuss options available to you. 
Options that may be available to 
you may include:

 • If the response to two or 
more TKIs has been poor, 
then an allogeneic stem cell 
transplantation (allo-SCT) may 
be considered in the advanced 
phase of CML.

 • For patients who cannot tolerate 
TKIs or an allo-SCT, older agents 
such as hydroxycarbamide, 
interferon-alpha, busulfan, 
6-mercaptopurine, cytarabine, 
decitabine can be used.

 • Pegylated interferon-alpha, 
where polyethylene glycol is 
added to make interferon alpha 
remain longer in the body, in 
combination with a TKI may also 
improve the TKI response, but 
this combination is still being 
assessed in clinical trials.
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Patients with CML who have been 
taking TKIs on a long-term basis 
have been shown to have a life 
expectancy similar to that of the 
general population. These CML 
patients are monitored by regular 
blood tests, which includes 
measuring levels of the BCR–ABL1 
gene in the blood. Patients with 
lower levels of the BCR-ABL1 gene 
have been shown to have a better 
response to treatment.

If the levels of the BCR-ABL1 gene 
are still greater than 10% after six 
months of treatment, patients 
may be switched to a different TKI. 
Switching therapy has not been 
shown to have any negative effect 
on the final outcome, compared to 
staying on the same treatment.

What are the different 
responses to TKIs?
Before the introduction of TKIs, 
the evaluation of haematological 
and cytogenetic response was 
adequate for assessing the 
efficacy of treatment in CML 
patients. Now because TKIs are 
more effective for the treatment 
of CML, most patients  achieve 
complete cytogenetic response, 
and molecular monitoring is  
required to assess the results of 

these therapies on CML patients.

Complete haematological 
response

A patient is said to have a 
complete haematological 
response when all the blood cell 
counts are back to normal, there 
are no immature myeloblasts 
present, the spleen is a normal 
size, and there are no other 
symptoms of CML.

Complete cytogenetic response

A patient is said to have a 
complete cytogenetic response 
when none of the cells with 
the BCR-ABL1 gene are found in 
the blood or bone marrow. To 
establish a complete cytogenetic 
response, a sample of blood 
or bone marrow must undergo 
cytogenetic tests which are 
capable of detecting abnormal 
chromosomes, and occasionally, 
the actual genes that are mutated. 

Major molecular response

This is the first major goal after 
complete cytogenetic response. 
This means that the amount of 
BCR-ABL1 gene in your blood is 
0.1% or less of what’s expected in 
someone with untreated CML.

Treatment-free remission
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Complete molecular response

A patient is said to have a 
complete molecular response 
when the actual BCR–ABL1 gene is 
no longer detected in the blood. To 
establish a complete molecular 
response, a sample of blood or 
bone marrow must undergo a 
sensitive cytogenetic test called 
the polymerase chain reaction 
(PCR).

Haematological, cytogenetic 
and molecular monitoring now 
represent part of the routine 
management of patients with 
CML.

Deep molecular response

Deep molecular response is said 
to occur when a patient has 
minimally detectable amounts 
of BCR-ABL1 gene in the blood 
or bone marrow. The term deep 
molecular response describes a 
long-lasting molecular response 
and represents the goal of 
treatment for all patients with 
CML.

What is treatment-free 
remission?
Evidence from clinical trials with 
imatinib has shown that around 

half of the patients who received 
imatinib as their first treatment 
for CML during their chronic 
phase were able to stop taking 
imatinib altogether without 
the CML returning (relapsing). 
This is known as treatment-free 
remission (TFR) because the 
CML stays in remission without 
any treatment. In the European 
STOP TKI study, about half of all 
patients who stopped taking 
imatinib had not relapsed after 
two years.

Patients with CML who are 
candidates for TFR are those 
who have received a TKI for at a 
minimum of three years during 
the chronic phase of CML, and 
who have achieved a prolonged 
and deep molecular response for 
at least two years.

Achieving TFR for patients is now 
a new target in the management 
of CML. However, deep molecular 
response which gives patients 
with CML the opportunity of being 
in TFR is successful in 40% to 60% 
of patients.

Patients who stop taking their 
TKI require close monitoring to 
ensure their CML remains under 
control. Currently, haematologists 
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are assessing the levels of 
BCR–ABL1 that can remain in 
the blood of patients and still 
enable TFR periods, together with 
the reliability and sensitivity of 
the various cytogenetic tests. 
Identification of other factors 
which might predict who can stop 
taking TKIs and remain in TFR 
is also being investigated. The 
data collected from these trials is 
important to help determine how 
best to use the TKIs. 

What are the risks 
associated with 
treatment-free 
remission?
Stopping TKIs involves weighing 
up the benefits and risks. Some 
patients may want to stop 
treatment with TKIs because 
they have side effects that affect 
their quality of life. However, 
other patients may accept the 
side effects of continuing with 
TKI treatment because this gives 
them confidence that the CML will 
not recur.

The key risk of TFR is that CML 
recurs. For example, in the 
STOP TKI study, some patients 
had a relapse of CML more 

than 30 months after stopping 
TKIs. However, it appears that 
a molecular response can be 
achieved again if the same TKI, or 
a different TKI, is started.

It is not yet known what happens 
if a second TFR is achieved, or 
if TFR is achieved with a TKI 
other than imatinib. This will be 
explored in more clinical trials. 
Individual patients need to 
consider the risks and benefits 
of stopping or continuing with a 
TKI and to discuss this with their 
haematologists.

Switching therapy has not been 
shown to have any negative effect 
on the final outcome, compared 
to staying on the same treatment. 
In an ongoing trial, patients are 
being treated with the second 
generation TKI nilotinib as a first-
line treatment to see if TFR can be 
achieved (NCT02602314). 

Finally, it is worth remembering 
that nilotinib is the only TKI 
that has been approved for TFR 
and has included information 
regarding TFR in its summary 
product characteristic. 
Nevertheless, if a patient achieves 
and maintains a deep molecular 
response with whatever TKI, 

Treatment-free remission 
(cont.)
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treatment discontinuation may be 
considered.

Is treatment-free 
remission a cure?
A deep molecular response 
indicates a very low, or minute, 
level of BCR–ABL1, which could be 
considered to be a cure. However, 
there is always the possibility that 
the disease will relapse, although 
this becomes less likely the longer 
the TFR goes on for. 

A review of over 2000 CML 
patients worldwide showed that 
not all patients who met the 
criteria for TFR will maintain 
their deep molecular response 
on discontinuation of the TKI. 
Nearly 40% to 60% of patients 
relapse once the TKI treatment is 
stopped and will need to restart 
TKI treatment. For most patients, 
relapses occur within six months 
following stopping TKI treatment.

A small mutation in the area 
called kinase domain of the 
ABL1 gene which prevents the 
TKI from binding to the gene 
has been discovered in up to 
33% of patients who experience 
resistance to first-line therapy, 
and 50% of patients who 

experience resistance to second 
or subsequent line therapy.

For patients who achieve a deep 
molecular response and go on to 
maintain their deep molecular 
response on discontinuation of 
the TKI, it can be said that they 
have a functional cure. Since the 
BCR-ABL1 remains detectable 
in many patients after TKI 
discontinuation, even at very low 
levels, it cannot be said they have 
a true cure but can expect to have 
a normal life expectancy.
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After discontinuing TKI 
treatment, up to 30% of patients 
experience ‘TKI discontinuation 
syndrome’ which mainly involves 
musculoskeletal pain, although 
rash, joint pain and hypertension 
have also been reported. 
Relevant laboratory tests for 
musculoskeletal symptoms in 
these patients showed only minor 
abnormalities. 

The mechanism behind the 
musculoskeletal pain in TKI 
discontinuation syndrome is 
unexplained. One study reported 
that patients with symptoms of 
TKI discontinuation syndrome 
had significantly lower body 
weights and body mass indexes 
compared with those without TKI 
discontinuation syndrome. 

An ongoing clinical trial of 
CML patients undergoing TKI 
discontinuation will record their 
levels of cytokines, inflammatory 
markers and bone markers before 
and after TKI discontinuation. 
Cytokines such as interferon, 
interleukin, and growth factors 
are substances secreted by the 
immune system which have 
specific effects in the body. The 
trial, which is estimated to finish 
in March 2021, will investigate if 

any of these cytokines or markers 
contribute to the musculoskeletal 
pain (NCT03996096). 

TKI discontinuation syndrome 
has been reported following 
discontinuation of imatinib, 
nilotinib and/or dasatinib. 
The musculoskeletal pain 
occurs within 16 weeks after 
discontinuing TKI treatment. In 
general, the musculoskeletal 
pain can be managed with 
paracetamol and non-steroid 
anti-inflammatories such 
as ibuprofen. However, TKI 
discontinuation syndrome 
may require steroid therapy, 
and restarting of the TKI for the 
symptoms to subside.

Treatment discontinuation 
syndrome
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Asciminib
What is asciminib?

Asciminib (ABL001) is now a new 
drug being developed for the 
treatment of CML by Novartis 
Pharma AG. It acts by inhibiting 
the BCR-ABL1 protein, but in 
a different way from the TKIs. 
Instead of blocking the protein, it 
makes the protein change shape 
and then locks it so that it can no 
longer work properly. Asciminib 
targets BCR-ABL1 and the T315I 
mutation.

The first-, second- and third 
generation TKIs do not work 
in some patients, or they stop 
working because of mutations 
that develop in the BCR–ABL1 
gene. Because asciminib works in 
a different way, it is expected to 
work when the TKIs do not.

In an ongoing trial of patients 
with CML, who had received 
two or more TKIs to which they 
were either resistant or had 
unacceptable side effects from, 
preliminary results suggest 
that asciminib monotherapy 
is effective and safe. Of the 
patients in the chronic phase of 
CML, 92% achieved a complete 

haematological response and 
54% had a complete cytogenetic 
response.

Who could receive asciminib?

Asciminib is being investigated 
as a treatment for CML on its 
own (monotherapy) and in 
combination with TKIs such as 
imatinib, nilotinib and dasatinib 
for patients who do not achieve 
a deep molecular response. It is 
also being studied in trials of 
patients with and without genetic 
mutations.

If asciminib is seen to be safe and 
effective in these investigational 
studies, it may increase the 
treatment options for the 
following patients with CML:

 • Patients who have already had 
treatment with at least two 
different TKIs with no success.

 • Patients with the T315l mutation 
who have received one TKI 
therapy.

Is asciminib available in the 
United Kingdom (UK)?

Asciminib is still being tested in 
clinical trials, which means that 
you may be able to receive this 
treatment if you are suitable. 

Future therapies
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Future therapies (cont.)

Once these are completed, the 
results will be submitted to the 
European Medicine Agency (EMA) 
for approval of the drug to be 
prescribed to patients with CML. 

The trials are early phase 
studies to establish the safety 
of asciminib and the best 
doses to be used. Clinical trials 
have already established the 
recommended dose for asciminib 
therapy on its own for patients 
with CML who do not have the 
T315I mutation.

A study of the asciminib–imatinib 
combination therapy is now 
planned in patients who have not 
responded well to initial imatinib 
therapy. A study to compare 
asciminib therapy and bosutinib 
therapy is also planned.
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Glossary

Acute Leukaemia 

Leukaemia which progresses 
rapidly and is generally 
aggressive. There are two main 
types: acute lymphoblastic 
leukaemia and acute myeloid 
leukaemia.

Acute Lymphoblastic 
Leukaemia (ALL) 

A leukaemia in which 
lymphocytes start multiplying 
uncontrollably in the bone 
marrow, resulting in high 
numbers of abnormal, immature 
lymphocytes. Lymphocytes are a 
type of white blood cell involved in 
the immune response.

Acute Myeloid Leukaemia (AML)

A rapid and aggressive cancer 
of the myeloid cells in the bone 
marrow.

Allogeneic Stem Cell Transplant 
(allo-SCT) 

The transplant of stem cells from 
a matching donor.

Amino Acids 

Organic molecules which are 
the building blocks for making 

proteins.

Anaemia 

A condition where the number of 
red blood cells are reduced. Red 
blood cells contain haemoglobin 
and transport oxygen to body 
cells. This may be due to a lack 
of iron, leukaemia, or sickle cell 
disease. 

Antibiotic 

The drug used to treat or prevent 
bacterial infections.

Antibody 

A large Y-shaped protein produced 
by B-cell lymphocytes in response 
to a specific antigen, such as 
a bacteria, virus, or a foreign 
substance in the blood. The 
antibodies neutralise the bacteria 
and viruses.

Antigen 

A toxin or other foreign substance 
which induces an immune 
response in the body, especially 
the production of antibodies.

Antimicrobial Activity 

The process of inhibiting or 
killing microbes that cause 
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an illness. Antimicrobial may 
be antibacterial, antifungal or 
antiviral.

Basophil  

A type of white blood cell involved 
in creating the inflammatory 
reactions during an immune 
response.

Blast Cells (blasts) 

Immature cells found in the 
bone marrow which are not 
fully developed. Up to 5% of the 
cells found in the bone marrow 
are blast cells. Patients with 
leukaemia have a much higher 
number of immature, abnormal 
cells called blasts cells.

Blood Cancer 

A cancer of the blood cells from 
the bone marrow or lymphatic 
system. There are three main 
types of blood cancer: 

 • Leukaemia begins in the bone 
marrow and is classified 
according to the type of blood 
cell it affects (either myeloid 
or lymphoid) and whether it 
grows quickly (acute) or slowly 

(chronic). 

 • Lymphoma starts in the 
lymphocyte white blood cells 
within the lymphatic system. 

 • Myeloma is a cancer of the 
plasma cells and starts in the 
bone marrow. Plasma cells are 
a type of white blood cell that 
makes antibodies.

Blood Cells 

Cells present in the blood and 
bone marrow which include red 
blood cells, white blood cells and 
platelets. These three types of 
blood cell make up 45% of the 
blood volume, with the remaining 
55% being plasma, the liquid 
component of blood. 

Bone Marrow 

The soft blood-forming tissue 
that fills the cavities of bones 
and contains fat, immature and 
mature blood cells, including 
white blood cells, red blood cells 
and platelets.

Cardiotoxicity 

The medical term for damage to 
the heart tissues.

Glossary (cont.)
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Chemotherapy 

Drugs that work in different ways 
to stop the growth of cancer cells, 
either by killing the cells or by 
stopping them from dividing.

Chromosomes 

Thread-like structures which carry 
the genes, and are located in the 
nuclei of every cell in the body. 
There are 46 chromosomes (23 
pairs) in humans.

Chronic Leukaemia 

Leukaemia which progresses 
slowly and is less aggressive than 
acute leukaemia. There are two 
main types: chronic lymphocytic 
leukaemia and chronic myeloid 
leukaemia.

Chronic Lymphocytic 
Leukaemia 

A leukaemia in which the 
B-lymphocytes (B-cells) in the 
bone marrow start multiplying 
excessively leading to large 
numbers of small, mature 
lymphocyte cells, which are 
unable to fight infection, and 
their presence prevents the bone 
marrow from producing healthy 

blood cells of all types.

Chronic Myeloid Leukaemia 
(CML) 

A leukaemia in which the myeloid 
cells start multiplying in the bone 
marrow leading to large numbers 
of abnormal, immature myeloid 
cells called blasts, which prevent 
the bone marrow from producing 
enough healthy blood cells of all 
types.

Chronic Myelomonocytic 
Leukaemia (CMML)

A type of leukaemia which 
develops slowly and is 
characterised by an excess 
of monocytes in the blood. 
Monocytes are a type of large 
white blood cell that overwhelm 
and destroy bacteria, viruses and 
fungi. 

Clinical Trial 

Trials designed and planned to 
determine a specific answer 
or aim; for example, whether 
treatment A is better than 
treatment B. The study will be 
conducted in patients who meet 
particular inclusion criteria, and 
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the results are collected and 
analysed to provide an answer.

Clonal 

This refers to an organism 
descended from, and genetically 
identical to, a single common 
ancestor.

CYP3A Isoenzymes 

Body enzymes which are 
responsible for the formation 
of internal compounds, such as 
steroids, bile and fatty acids. 
In addition, these enzymes are 
vital for the breakdown of a large 
number of external compounds 
such as drugs, alcohols, organic 
solvents, dyes and environmental 
chemicals.

Dendritic Cells 

Dendritic cells are white blood 
cells that capture toxins or other 
foreign substances and present 
them to the T-cell lymphocytes for 
destruction. A dendritic cell has a 
branched appearance resembling 
a tree, hence its name.

DNA (Deoxyribonucleic Acid) 

A thread-like chain of amino acids 
found in the nucleus of each cell 
in the body which carries genetic 
instructions used in the growth, 

development and functioning of 
the individual’s cells.

Eosinophil 

A type of white blood cell, which 
has a protective immunity role 
against parasites and allergens.

Fatigue 

Tiredness and weakness 
rendering the patient unable to 
work or perform usual activities

First-line Treatment 

First treatment given for a 
disease. It is generally the 
treatment accepted by the 
medical profession as the best 
initial treatment for a given type 
and stage of cancer.

Genes 

Genes are made up of DNA which 
stores the genetic information 
required to make human proteins.

Granulocytes 

A group of white blood cells, 
which have granular bodies in 
their cytoplasm. They include 
the neutrophils, eosinophils 
and basophils white blood cells, 
all of which protect the body 
from bacteria, allergens and 
inflammation. 

Glossary (cont.)
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Haematology 

The branch of medicine which 
studies the cause, prognosis, 
treatment, and prevention of 
diseases related to blood.

Haemoglobin 

A red protein contained within the 
red blood cells and responsible for 
transporting oxygen to the tissues 
of the body.

Leukaemia 

A group of cancers that usually 
begin in the bone marrow 
and result in high numbers of 
abnormal blood cells. These cells 
are not fully developed and are 
called blasts or leukaemia cells. 
Depending on the type of blood 
cell involved, there are different 
types of leukaemia with varying 
characteristics, such as acute 
(develop quickly) or chronic 
(develop slowly). 

Macrophage 

A type of white blood cell that 
submerges and digests cellular 
debris, foreign substances, 
microbes, cancer cells, and 
anything else that does not have 
the type of proteins specific to 
healthy body cells on its surface.

Monocyte 

A white blood cell that attacks 
invading organisms and helps 
combat infections.

Mutation (gene) 

A permanent alteration in the 
DNA sequence of a gene, so that it 
differs from what is found in most 
people.

Myeloblasts or Myeloid Blasts 

The name given to blast cells in 
the myeloid cell line. These cells 
originate in the bone marrow and 
eventually become the following 
white blood cells: neutrophils, 
monocytes, macrophages, 
basophils, and eosinophils. 
Myeloid cells also give to the red 
blood cells and platelets.

Myelodysplastic Syndromes 
(MDS), also called 
Myelodysplasia 

Myelodysplastic disorders occur 
when the bone marrow does not 
make enough normal blood cells. 
The blood cells made are not 
fully developed and not able to 
work normally. These blood cells 
include red blood cells which 
supply oxygen to the body’s 
tissues, white blood cells which 
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fight infection and platelets which 
help blood clot.

Myeloid 

This term relates to the bone 
marrow. 

Myeloproliferative Neoplasia 

A disease of the bone marrow in 
which excess cells are produced.

Neoplasm 

The medical term for cancer, 
meaning literally a new and 
abnormal growth of tissue 
anywhere in the body.

Neutrophils 

White blood cells involved in 
fighting inflammation and 
infection, specifically bacterial 
infections.

Oedema 

Excess fluid in an area of the body 
which usually causes swelling of 
the area.

Phase 1 Trial 

A small trial (up to 30 volunteers) 
to confirm if a drug behaves as 
expected, determine its side 
effects, and how the body reacts 
to the drug.

Phase 2 Trial 

A medium trial (up to 100 
volunteers/patients) to confirm 
a drug’s safety, find the best 
dose to use, assess the drug’s 
effectiveness if the trial is in 
patients, and determine the value 
of studying it in large numbers of 
patients in a Phase 3 trial.

Phase 3 Trial 

A large clinical trial (more than 
100 patients) that collects 
information on the safety and 
effectiveness of a drug using 
different populations, different 
dosages, comparing it to other 
known drugs or using it in 
combination with other drugs.

Phase 4 Trial 

These trials are conducted once 
a drug has been approved to find 
out more about a drug’s side 
effects, its long-term risks and 
benefits, or how well it works 
when it is used more widely.

Philadelphia Chromosome, 
also called Breakpoint Cluster 
Region-Abelson Murine 
Leukaemia Viral Proto-
oncogene 1 (BCR-ABL1) 

An abnormal chromosome fusion 

Glossary (cont.)
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gene due to a swapping over 
and fusion of sections of DNA 
between chromosomes 9 (ABL1) 
and 22 (BCR), resulting in a new 
fusion gene BCR-ABL1. This gene 
causes overproduction of myeloid 
cells. It is found in all patients 
with chronic myeloid leukaemia 
and some patients with acute 
lymphoblastic leukaemia.

Protein Kinase Inhibitor 

Protein kinase inhibitors block 
the protein kinase enzymes that 
are involved with cell growth, 
thereby preventing the growth of 
the cancer cells.

Pulmonary Oedema 

Excess fluid in the lungs. 

Red Blood Cells  

Small blood cells that contain 
haemoglobin and carry oxygen 
and other substances to all 
tissues of the body.

Second-line Treatment  

Treatment other than the type 
used the first time (first-line 
treatment).

Spleen 

The largest organ of the lymphatic 
system whose function is to help 

clear the body of toxins, waste and 
other unwanted materials. The 
spleen is located under the ribs 
on the left of the abdomen.

Stem Cell 

The most basic cell in the body 
that has the ability to develop 
into any of the body’s specialised 
cell types, from muscle cells to 
brain cells. However, what makes 
these stem cells reproduce 
uncontrollably, as in cancer, 
is thought to be linked to 
chromosome abnormalities.

Stem Cell Transplant 

The transplant of stem cells 
derived from part of the same 
individual or a donor.

Targeted Therapy 

Drugs that specifically interrupt 
the leukaemia cells from growing 
in the body. However, these drugs 
do not also harm the body’s 
healthy cells the way conventional 
drugs do.

Toxicity 

Harmful effect.

Tumour Lysis Syndrome 

The rapid destruction of a large 
numbers of white blood cells that 
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can increase blood uric acid levels 
which may cause damage to the 
kidneys, heart or liver.

Tyrosine Kinase 

An enzyme which can switch ‘on’ 
and ‘off’ many of the functions 
of the body’s cells. Cells have 
receptors for tyrosine kinases 
present in their membranes 
enabling tyrosine kinases to play 
a major role in the activation of 
the cells processes.

Tyrosine Kinase Inhibitors 

Drugs that inhibit the tyrosine 
kinase enzyme which controls 
the function of a cell. Tyrosine 
kinase inhibitors can switch ‘off’ 
tyrosine kinase enzymes that 
are permanently active due to a 
mutation. 

Tyrosine Kinase Receptors 

Receptors present in the 
membranes of all of the body’s 
cells which can be activated by 
the enzyme tyrosine kinase. 

White Blood Cells 

White blood cells are one of the 
types of cells found in the blood 
and bone marrow, along with red 
blood cells and platelets. White 
blood cells create an immune 

response against both infectious 
disease and foreign invaders. 
Granulocyte white blood cells 
include the neutrophils (protect 
against bacterial infections 
and inflammation), eosinophils 
(protect against parasites and 
allergens) and basophils (create 
the inflammatory reactions 
during an immune response). 
Other white blood cells include 
the lymphocytes (recognise 
bacteria, viruses and toxins, to 
which they produce antibodies) 
and monocytes (clear infection 
products from the body).

Glossary (cont.)
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Useful contacts  
and further support

There are a number of helpful 
sources to support you during 
your diagnosis, treatment and 
beyond, including:

 • Your haematologist and 
healthcare team

 • Your family and friends

 • Your psychologist (ask your 
haematologist or CNS for a 
referral)

 • Reliable online sources,  
such as Leukaemia Care

 • Charitable organisations

There are a number of 
organisations, including 
ourselves, who provide expert 
advice and information.

Leukaemia Care
We are a charity dedicated to 
supporting anyone affected by 
the diagnosis of any blood cancer. 
We provide emotional support 
through a range of support 
services including a helpline, 
patient and carer conferences, 
support group, informative 
website, one-to-one buddy 
service and high-quality patient 
information. We also have a nurse 
on our help line for any medical 
queries relating to your diagnosis.

Helpline: 08088 010 444 
www.leukaemiacare.org.uk 
support@leukaemiacare.org.uk

Blood Cancer UK
Blood Cancer UK is the leading 
charity into the research of blood 
cancers. They offer support to 
patients, their family and friends 
through patient services.

0808 2080 888 
www.bloodcancer.org.uk

Cancer Research UK
Cancer Research UK is a leading 
charity dedicated to cancer 
research.

0808 800 4040 
www.cancerresearchuk.org

Macmillan
Macmillan provides free practical, 
medical and financial support for 
people facing cancer.

0808 808 0000 
www.macmillan.org.uk

Maggie’s Centres
Maggie’s offers free practical, 
emotional and social support 
to people with cancer and their 
families and friends.

0300 123 1801 
www.maggiescentres.org 

Citizens Advice Bureau (CAB)
Offers advice on benefits and 
financial assistance.

08444 111 444 
www.adviceguide.org.uk



Leukaemia Care,  
One Birch Court,  
Blackpole East,  
Worcester,  
WR3 8SG

Leukaemia Care is registered as a charity in England and Wales (no.1183890) and Scotland (no. SCO49802).
Company number: 11911752 (England and Wales). 
Registered office address: One Birch Court, Blackpole East, Worcester, WR3 8SG

Want to talk?
Helpline: 08088 010 444  
(free from landlines and all major mobile networks)

Office Line: 01905 755977
www.leukaemiacare.org.uk
support@leukaemiacare.org.uk

Leukaemia Care is a national charity dedicated 
to providing information, advice and support to 
anyone affected by a blood cancer.

Around 34,000 new cases of blood cancer are 
diagnosed in the UK each year. We are here to 
support you, whether you’re a patient, carer or 
family member. 
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