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patient perspectives

Resistant Chronic Myeloid
Leukemia: Starting Over Again

O

ver the past 20 years, advances in the treatment of chronic myeloid leukemia (CML)
have made this type of cancer highly treatable, such that most patients can live long and
productive lives. Today, people diagnosed with
CML who are treated with targeted medications
have similar life expectancies as people without
CML.1 This big change in outcomes for people with
CML can be largely attributed to the discovery of
targeted therapies known as tyrosine kinase inhibitors (TKIs). These agents are pills that are taken once
or twice a day. TKIs, which first became available in
the United States in 2001,2 have revolutionized the
treatment of CML.3
However, not all CML is the same. Although most
people with CML have excellent outcomes, up to
1 in 4 patients will become resistant to their first
drug treatment and up to 1 in 5 will have side effects that prevent them from continuing on initial
therapy (Figure 1).4-8 When CML progresses after
treatment or does not respond to treatment, it is
called resistant CML.9
This article reviews key developments in the treatment of patients with CML, including resistant CML.
It provides patients and their caregivers with knowledge that can help them partner effectively with
their medical team. The ideas and recommendations come from a group of people living with the
disease. In June 2019, 6 patients with CML and 1
caregiver met in Cambridge, Massachusetts, to
take part in the CML Roundtable, which was sponsored by Takeda Oncology (Sidebar). Roundtable
participants shared their own experiences with initial
treatment of CML and, in some cases, their experiences with resistant CML, to illustrate the unique
needs of patients who live with this disease.
This publication discusses how CML is diagnosed,
how it is different from other types of blood cancers,
the important role of TKIs in the management of
CML, and how doctors use special tests and monitoring strategies to choose the best course of treat-

Figure 1. Facts About Resistant Chronic Myeloid
Leukemia

Up to 1 in 4
patients with
CML will become
resistant to
their first drug
treatment

Up to 1 in 5
will have side
effects that
prevent them
from continuing
on initial
therapy

CML indicates chronic myeloid leukemia.

ment for their patients. This article also contains
helpful insights and practical advice from individuals with CML who participated in the Roundtable
meeting, as well as a list of valuable resources and
services for patients and their caregivers.

WHAT IS CML?
CML is a type of cancer that starts from cells
found in bone marrow.10 Healthy bone-marrow
cells grow into different, more refined types of
blood cells. In CML, these bone-marrow cells grow
out of control.9
BCR-ABL, a genetic mutation, is found in almost
all patients with CML. BCR-ABL is formed by the
combination of 2 genes, known as BCR and ABL. It
is sometimes called a fusion gene. BCR is normally
on chromosome number 22, whereas ABL is normally on chromosome number 9. The BCR-ABL mutation
happens when pieces of BCR and ABL genes break
off and fuse together. The mutated chromosome 22
is called the Philadelphia chromosome after the city
where researchers first discovered it.11
The BCR-ABL gene is not the type of mutation
that is inherited from your parents. It is a “somatic”
mutation, which means it happens later in life.
3
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look pale (Figure 2).
CML is divided into 3 different phases: chronic
phase, accelerated phase, and blast phase.9
•	
Chronic-phase CML: In this early phase of CML,
the blood and bone marrow contain less than
10% of immature WBCs or blast cells. This phase
can last for several years with effective treatment. Without effective treatment, chronic-phase
CML can progress to the accelerated or blast
phase. Approximately 90% of people have chronic-phase CML when they are diagnosed. Some
people with chronic-phase CML have symptoms
when they are diagnosed, whereas others do
not. Most symptoms go away with treatment.9
•	
Accelerated-phase CML: Although accelerated

In CML, there is often a high number of white
blood cells (WBCs), more specifically known as neutrophils and granulocytes. The body needs these
cells to fight infections. Ordinarily, more WBCs are
made during infections or times of stress, and then
the number of WBCs returns to normal when the
infection is gone. In CML, the abnormal protein
called BCR-ABL acts like a switch that is stuck in the
“on” position, so that too many WBCs grow and
multiply. In CML, the body may also make too
many blood platelets, which help the blood to clot.
Finally, the body may also make too few red blood
cells (RBCs), which carry oxygen.9 People who have
too few RBCs, a condition also known as anemia,
can feel tired, can be short of breath, and/or may

ROUNDTABLE PARTICIPANTS
Dean (New Orleans, LA). Dean is married with 2 children.
He was diagnosed with CML in December 2003 and has
been enrolled in multiple clinical trials of TKIs. Dean is part
of the Leukemia & Lymphoma Society advocacy leadership committee and is active in Facebook support
groups for patients with CML.

Joannie (Costa Mesa, CA). Joannie is married with 3
children, 5 grandchildren, and 5 great-grandchildren.
She was diagnosed with CML in 2001. Her condition
remains stable on the same drug that she first received
18 years ago. She is patient-centric, and the founder,
leader, and organizer of a long-standing CML support
group. Joannie is also a patient advocate for drug accessibility and sustainable affordability, as well as a
fundraiser for efforts to find cures for blood cancers.
Joannie is an officer on the Board of Trustees of the
Leukemia & Lymphoma Society.

Michele (Boise, ID). Michele is married with 3 children.
She was diagnosed with CML in February 2011 and has
received multiple treatments for CML. A journalist,
Michele has developed her own community of patients with CML through her blog and Facebook group.

Jerry (Costa Mesa, CA). Jerry is married to Joannie.
Together, they provide CML-specific patient outreach
in the United States through the CML Buster Foundation
and CML Busters Family Support Group. Jerry and his
wife also support patients with CML internationally
through their partnership with the CML Advocates
Network. Jerry has concentrated his outreach efforts
on the support of caregivers (family, friends, and medical professionals) to the CML community since 2003
and has presented internationally on the subject. He
also works to raise awareness and funds for CML research, innovation, and treatment access.

Hans (Woodinville, WA). Hans is married with 4 children.
He was diagnosed with CML in November 2008 and
has undergone multiple treatments for the disease.
Hans is active in the CML community, participating in
interviews, videos, support groups, his blog, and a
Facebook group.
Justin (Grand Prairie, TX). Justin is married and owns a
digital marketing company. He was diagnosed with
CML in January 2006 at 24 years of age and has received several treatments. Justin is an active member
of the CML community, leading support groups and
participating in fundraising events and patient panels.

Melvin (Jonesboro, GA). Melvin is married with 1 child.
He was diagnosed with CML in 1995 and participated
in a clinical trial of the first TKI. Since then, his condition
remains stable on the same drug that he first received
more than 20 years ago. Melvin is engaged in the
CML community and works with the Leukemia &
Lymphoma Society to inform and support other people with CML.

Karen (Eden Prairie, MN). Karen, a breast cancer survivor, was diagnosed with CML in 2005 and has received
several treatments and participated in clinical trials.
She successfully advocated for drug access with the
Food and Drug Administration when one of the available TKI treatments was temporarily withdrawn from
the market.
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Figure 2. Common Symptoms of Leukemias
Systemic
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Source: Marks J. What are common symptoms of leukemia? www.everydayhealth.com/leukemia/what-are-common-symptoms. Last Updated on
May 24, 2018. Accessed March 31, 2020.

phase has no single definition, most patients in
this phase of CML have 10% to 19% blasts (immature white blood cells) in both the blood and
bone marrow, or more than 20% basophils (a
special type of WBC) in the blood. CML cells
sometimes have new cytogenetic changes in
addition to the Philadelphia chromosome. This
happens because of additional DNA damage
and mutations.9
•	
Blast-phase CML or blast crisis: Patients in this
phase have 20% or more blasts in the blood or
bone marrow. It is difficult to control the number
of WBCs; as a result, WBC counts can get very
high. CML cells often have additional genetic
changes, and blast cells can look like cells that
are seen in patients with acute leukemia (acute
myeloid leukemia for most patients, and acute
lymphocytic leukemia for approximately 25% of
patients in blast crisis). In this phase, patients often
have fever, an enlarged spleen, and weight loss,
and they feel poorly.9

in the blood or bone marrow. In an organ or body
structure, cancer cells multiply to the point at which
a mass of them is large enough to be noticed by
the patient or doctor.
Cancers such as CML that do not grow into a
mass or tumor are called “blood cancers” or “liquid
tumors.” These include cancers of the blood and
bone marrow, which are also known as lymphomas
and leukemias. Blood cancers are often found by
doctors after reviewing laboratory tests. More than
1 million cancer cells must be present before they
can be detected in the blood.12
When an organ or body structure is affected by
cancer, the tumor usually must reach a size of 1
centimeter or contain 1 million cells before it can
be felt or seen. These cancers are called “solid
tumors.” Examples of common solid tumors include cancers of the lung, breast, prostate, colon,
and bladder.12
Figure 3 shows how CML is different from other
blood cancers.13

HOW ARE BLOOD CANCERS
DIFFERENT FROM OTHER CANCERS?

HISTORY OF CML AND ITS
TREATMENT WITH TKIs

Cancer is defined as abnormal growth of cells.
Cancers can occur in an organ or body structure or

The treatment of CML has been revolutionized by
the development of imatinib and other TKIs. Key
5

July 2020 • Conquer-magazine.com

patient perspectives
events in the discovery of new treatments for CML
are as follows14,15:
1960: After 2 Philadelphia-based doctors, Nowell
and Hungerford, looked at genetic material from
cancer cells of patients with CML, they noticed that
1 of these patients’ 46 chromosomes was abnor-

mally short. The short chromosome was later named
“the Philadelphia chromosome.” Researchers now
know that 95% of patients with CML have the
Philadelphia chromosome (also called Ph-positive
or Ph+)
1970s: Researchers discovered that the Phila

Figure 3. Understanding the Differences Between Chronic Myeloid Leukemia (CML) and Other Blood Cancers

How Is CML Different from Other Blood Cancers?
CML is one of several types of blood cancer. Leukemias are
classified by the type of white blood cells (WBCs) affected and
by how quickly the disease progresses. Lymphocytic leukemia
(also known as lymphoid or lymphoblastic leukemia) develops in the bone marrow in WBCs called lymphocytes. Myeloid
leukemia (also known as myelogenous leukemia) can start in
WBCs that are not lymphocytes, as well as in red blood cells
(RBCs) and platelets.13

Leukemia is either “acute” (fast growing) or “chronic” (slow
growing) based on how quickly it progresses or gets worse.
Acute leukemia grows fast; there are many immature and
non-functioning blood cells in the bone marrow. Chronic
leukemia progresses slowly and results in relatively mature,
but still abnormal, WBCs.

LYMPHOCYTIC LEUKEMIA

Acute Lymphocytic Leukemia (ALL):
This leukemia grows rapidly.
Leukemia cells replace healthy
cells and WBCs no longer function
properly. Leukemia cells can
be found in organs and tissues,
including the brain, liver, lymph
nodes, and testes, where they
continue to grow and divide

MYELOID LEUKEMIA

Acute Myeloid Leukemia (AML):
This leukemia is also a fast-growing
form of cancer of the blood and bone
marrow. Similar to ALL, patients with
AML can have a variety of symptoms

Chronic Lymphocytic Leukemia (CLL):
CLL is typically a slow-growing cancer
that begins in WBCs in the bone marrow.
CLL can also spread to lymph nodes and
organs, such as the liver and spleen.
People with CLL may also have diffi culty
with infections

MDS

Myelodysplastic Syndromes (MDS):
MDS are a group of closely related
diseases in which the bone marrow
produces too few RBCs, WBCs, or
platelets, or any combination of
these cells. Different types of MDS
result in certain changes in blood
cells and the bone marrow 13

Chronic Myeloid Leukemia (CML):
CML begins in the blood-forming cells
of the bone marrow. Over time, CML
can spread to the blood and other
areas of the body

6
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Sometimes, a patient’s symptoms are related to a
medical condition other than CML. Recall that CML
typically progresses slowly, meaning symptoms are
often mild at first. These symptoms can get worse
over time, but this will happen gradually.9
Examples of signs or symptoms that a patient with
CML may feel include the following9:
• Fatigue
•	Weakness, including shortness of breath while
doing everyday activities
• Fever
• Excessive sweating, especially at night
• Weight loss
•	Abdominal swelling or discomfort due to an
enlarged spleen
•	Feeling full even if the person has not eaten much
• Itching
• Bone pain
• Bruising
• Bleeding.
Doctors use many types of tests to diagnose leukemia, including CML. Tests also help doctors to
learn more about the extent of the disease. Doctors
can also perform tests to learn which treatments
could work best.9
For most people with CML, the Philadelphia chromosome and the BCR-ABL fusion gene can be
found through molecular testing. In addition to a
bone-marrow biopsy, detection of the BCR-ABL fusion gene confirms the diagnosis of CML. Polymerase
chain reaction (PCR) testing is also used to monitor
how well treatment for CML is working. Specifically,
PCR testing determines whether treatment with a
TKI is effectively lowering the number of cells with
the Philadelphia chromosome.9
The immediate goal of treatment for CML is to
reduce the number of leukemia cells, which typically reduces symptoms of the disease (Figure 4: Early
Treatment Response Milestones to TKI Therapy in
Chronic Phase CML recommended by National
Comprehensive Cancer Network [NCCN]). Longerterm goals are to decrease or eliminate cells with
the Philadelphia chromosome. This slows down or
prevents CML from moving to the blast phase.9,17
At the time of diagnosis, doctors plan treatment and predict “prognosis,” or the chance of
recovery based on the phase of CML. General

delphia chromosome forms when 2 chromosomes
break and these pieces merge together into what is
now known as a fusion gene called BCR-ABL
1990s: Druker and Lydon discovered that a drug
called imatinib can block the activity of BCR-ABL
1998: Druker and colleagues tested imatinib in a
clinical trial of patients with CML. The drug resulted in
disappearance of the cancer for most of the patients whose CML was in the early or “chronic” phase
2003+: Follow-up data showed that almost all patients with CML who participated in clinical trials of
new TKIs remained in remission with acceptable quality of life and generally manageable side effects14
Today: Data from clinical trials show that someone with CML who is in remission after 2 years of
treatment with a TKI may have the same life expectancy as someone of the same age who does
not have cancer.14
Imatinib and the other drugs that target BCR-ABL
are called tyrosine kinase inhibitors (TKIs). TKIs are
different from chemotherapy drugs, in part because these agents can be taken by mouth instead
of being given by injection. Because TKIs can specifically target the BCR-ABL enzyme, they have different side effects compared with chemotherapy.

“People who are afraid of chemotherapy
have to realize that today things are different.
This isn’t your grandfather’s CML!” – Dean
Use of TKIs is now the standard treatment for CML,
particularly for patients whose disease is in the
chronic phase. TKIs can also help patients with more
advanced CML, which is called accelerated- or
blast-phase CML.16 In the United States there are a
number of TKIs approved for the treatment of patients with CML.
For most people with CML, treatment must be
taken each day until it no longer works or results in
side effects that are unacceptable to the patient.
For some people with CML who have long-lasting
and deep responses to a TKI, it may be possible to
stop taking the TKI or to lower the dose.16

INITIAL DIAGNOSIS OF CML
At the time of diagnosis, people with CML may
or may not experience signs and symptoms.
7
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treatment options for people who are diagnosed
with CML include TKIs; chemotherapy, such as
hydroxyurea and omacetaxine mepesuccinate;
and interferon. For patients with chronic-phase
CML, TKIs are the standard first treatment. Bonemarrow transplant, also called stem-cell transplant, is often considered for select patients with
chronic-phase CML whose disease no longer responds to TKI therapy.9
Although a detailed review of treatment options
and their risks and benefits is beyond the scope of
this article, readers can learn more about CML at

Cancer.Net (www.cancer.net/cancer-types/leukemiachronic-myeloid-cml), the Leukemia & Lymphoma
Society (www.lls.org), and other patient-friendly
websites that have been developed by trusted
sources. A list of these resources is provided at the
end of this article.
Patients and caregivers who participated in the
Takeda CML Patient Roundtable emphasized that
people with CML should understand all of the available treatment options for their disease, and actively participate in the decision-making process with
their healthcare team.

Figure 4. Early Treatment Response Milestones to TKI Therapy in Chronic Phase CML
People with chronic myeloid leukemia (CML) respond to TKI treatment in different ways. These are general guidelines for
the management of CML during TKI therapy. Your baseline results (or BCR-ABL1 transcript levels at the time of diagnosis)
can influence your response. But your doctor will generally work with the following time frame as a guideline to achieve the
desired response. Please refer to Figure 5 for more details about these levels of molecular response in CML.

TIME AFTER START OF TREATMENT
BCR-ABL1 (IS)

3 months

6 months

12 monthsb

YELLOW

>10%a

RED
GREEN

>1%-10%

More than
15 months

YELLOW

RED

GREEN

≤1%
Treatment Team
Considerations

Potential Decisions
About Treatment

TKI-resistant disease

Evaluate patient compliance and
drug interactions
Consider mutational analysis

Switch to alternate TKI
Evaluate for allogeneic HCT

YELLOW

Possible TKI resistance

Evaluate patient compliance and
drug interactions
Consider mutational analysis
Consider bone marrow cytogenetic
testing to assess for MCyR at 3
months or CCyR at 12 months

Switch to alternate TKI
OR
Continue same TKI (other than
imatinib)c
OR
Dose escalation of imatinib
(to a max of 800 mg)
AND
Consider evaluation for
allogeneic HCT

GREEN

TKI-sensitive disease

Monitor response
Monitor and manage side effects
as needed

Continue same TKI

Color Code
RED

Concern

CCyR indicates complete cytogenetic response; MCyR, major cytogenetic response; TKI, tyrosine kinase inhibitor.
a
Patients with BCR-ABL1 only slightly >10% at 3 months and/or with a steep decline from baseline may achieve <10% at 6 months and have generally favorable
outcomes. Therefore, it is important to interpret the value at 3 months in this context before making drastic changes to the treatment strategy.
b
BCR-ABL1 0.1% at 12 months is associated with a very low probability of subsequent disease progression and a high likelihood of achieving a subsequent
MR4.0, which is a prerequisite for a trial of treatment-free remission.
c
Achievement of response milestones must be interpreted within the clinical context. Patients with more than 50% reduction compared to baseline or minimally
above the 10% cutoff can continue the same dose of dasatinib, nilotinib, or bosutinib for another 3 months. Continuation of imatinib 400 mg is not recommended.
Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Chronic Myeloid Leukemia V.3.2020. © 2020
National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN Guidelines® and illustrations herein may not be reproduced in any form for any
purpose without the express written permission of NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.
The NCCN Guidelines are a work in progress that may be refined as often as new significant data becomes available. NCCN makes no warranties of any
kind whatsoever regarding their content, use or application and disclaims any responsibility for their application or use in any way.
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LIVING WITH CML: THE “NEW
NORMAL”

“new normal.” Table 1 describes key tasks that each
party—patients, caregivers, and healthcare professionals—should take on after someone has been diagnosed with CML. These ideas are based on insights from Roundtable participants and from
Cancer.Net.9

The patients and caregivers who participated in
the Takeda CML Patient Roundtable discussion
agreed that living with CML has its ups and downs,
but that this cancer has become a part of their

Table 1. Divide and Conquer: Key Roles of Each Party Involved in Chronic Myeloid Leukemia Patient Care
Patient’s Role

Caregiver’s Role

Healthcare Professional’s Role

•	Learn as much as you can
about CML and its treatment
options; understand the
challenge you are facing
•	Choose the best team of
doctors and healthcare
professionals for you; consider
seeing a CML specialist for
treatment recommendations
•	Tell your doctors, nurses, and
pharmacist the truth about
how you feel and how you’re
really doing with your treatment
•	Communicate honestly in
order to develop a trusting
relationship with your healthcare team; you should feel
comfortable with the course of
action you have chosen
•	Working with your caregiver,
family, and healthcare team,
think through solutions that are
best for you
•	Take your medication exactly
as prescribed
•	Go to all follow-up
appointments with your
doctor; PCR testing and other
monitoring of your CML is very
important
•	See your regular doctors, too;
other medical conditions do
not go away when you have
cancer
•	Ask for and accept help and
support from others
•	Make good lifestyle choices—
exercise, nutrition, stress
management, counseling,
support groups, etc
•	Stay positive!

•	Learn as much as you can
about CML and its treatment
options
•	Find experts in CML to consult;
get specialists’ recommendations
•	Working with the patient and
doctors, think through solutions
that are best for your loved one
•	Research and do your best
to translate complex medical
information to the patient and
family
•	Tell doctors and healthcare
professionals the truth about
how the patient is feeling
•	Stay aware of the patient’s
adherence to medications:
note any side effects, financial
issues, or other problems that
get in the way of staying on
treatment
•	See your doctor; your medical
conditions do not go away
when your family member or
friend has cancer
•	Ask for and accept help and
support from others
•	Take time for yourself to relax
and recharge

•	Provide clear and complete
information about CML
treatment options
•	Be honest with the patient and
family about the condition and
prognosis (likely outcome)
•	Working with the patient and
family, think through solutions
that are best for the individual
patient
•	Recommend other doctors,
including experts in CML, and
other healthcare professionals,
such as psychologists and
nutritionists, based on the
patient’s needs and questions
•	Stay up-to-date about key
aspects of patient care,
including CML monitoring
and new treatments for CML,
including clinical trials; new
approaches to drug dosing;
and how to best manage side
effects

CML indicates chronic myeloid leukemia; PCR, polymerase chain reaction.
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“We [as people with CML] don’t know what
we don’t know. We think all oncologists know
about all types of cancer, but they cannot
be experts in everything. You see that
knowledge gap only after seeing a CML
specialist.” – Justin

Please see Cancer.Net for a comprehensive list of
questions to ask your doctor or other members of the
healthcare team to help you better understand your
CML diagnosis, treatment plan, and monitoring.9

RESISTANT CML – “LIKE BEING
DIAGNOSED ALL OVER AGAIN”
If CML has come back after treatment or does
not respond to treatment, it is called resistant CML.9
Based on reviews of findings from clinical trials, up to
40% of patients with chronic-phase CML may become resistant to first-line imatinib.18

“I researched every drug for CML. I doctor
shopped. I went through 4 doctors before
finding one that fit me. A lot of people with
cancer go to 1 doctor, follow their
instructions, and don’t question them.
Advocate for yourself!” – Michele

“I was just crushed when my CML relapsed. It
was sneaky; I did not have any symptoms, just
PCR testing.…It felt like I was starting over
again. This was 10 years ago.” – Karen

“Patients need to be hopeful and remain
hopeful. If they have confidence in their
doctors, it helps.” – Jerry

When CML progresses, doctors will perform another round of tests, including biopsies, blood work,
and mutation testing, to learn about the nature and
extent of the disease.9 To better understand how
and when CML becomes resistant, it is important to
know how CML is monitored—what doctors test,
how often, and what they are looking for.
Patients with CML who take a TKI should see their
healthcare team on a routine basis to make sure
the treatment is working. During the first year of
treatment, these tests are generally done every 3
months. Ideally, blood tests will show that a patient
with CML who is taking a TKI has achieved what is
known as a “complete hematologic response” to
treatment. When this happens, the patient has no
symptoms; has healthy levels of WBCs and platelets; has no signs of abnormal blood cells, such as
blasts in the blood; and has a normal-sized spleen,
such that it cannot be felt on physical exam.9
Some patients with CML who are treated with a
TKI achieve a “partial response,” which means that
blood counts are better but still abnormal; there
may be some blasts in the blood, and the spleen
may still be enlarged. For these patients, symptoms
and blood test results have improved since treatment began, but there is still room for improvement.9
If a person with Ph+ CML shows a complete hematologic response, his or her doctor then looks for
a cytogenetic response with genetic testing. Results

“This is your life, your disease. You are
allowed to ask questions. Don’t be afraid to
push back or seek others’ advice.
Use your voice!” – Hans

Top Questions to Ask Your Doctor
About Resistant CML
(1)	What is the best treatment for me based on my
test results, including genetic testing that can
identify mutations associated with CML?
(2)	What will this treatment do for me? Does it get rid
of leukemia cells? Does it help me feel better?
Will I be cured?
(3)	How will this treatment affect my daily life? Will I be
able to work, exercise, and do my usual activities?
How can I prevent and/or manage side effects?
(4)	What follow-up tests will I need? How often should
I be tested? What results should I expect? Are
there guidelines that I should become familiar
with?
(5)	What is the risk that my CML will worsen? Are
there signs and symptoms I should watch for?
(6)	What resources are available to help me learn more
about resistant CML and find support services?
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include the following9:
•	“Complete cytogenetic response”; no Ph+ cells
•	“Partial cytogenetic response”; between 1% and
35% of the cells are still Ph+
•	“Minor cytogenetic response”; more than 35% of
the cells are still Ph+.
Doctors who treat CML also use a test called
polymerase chain reaction (PCR) to look at “molecular response.” This powerful blood test finds the
BCR-ABL fusion genes in the patient’s body (Figure
5).20,21 When only a few cells with the BCR-ABL fusion
gene are found in the bone marrow or peripheral
blood (more than 1,000 times fewer than when diagnosed), the patient has achieved a “major molecular response.” “Complete molecular response”
occurs when no cells with the BCR-ABL fusion gene
are found in the bone marrow or peripheral blood.9

Figure 5. Levels of Molecular Response in Chronic
Myeloid Leukemia
Polymerase chain reaction (PCR) testing looks at
“molecular response” to treatment with a TKI. PCR
tests the patient’s blood to find how many copies
of the BCR-ABL fusion genes are in the body. Fewer
copies (also described as a larger log reduction)
means that the patient has achieved a deeper
molecular response (MR).
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Quantitative reverse transcriptase PCR is the
most sensitive way to look for CML cells. This test is
recommended every 3 months and uses a blood
sample. Generally, this test can find as little as 1
CML cell among 1 million healthy blood cells. When
this type of PCR test is negative, it is very likely that
CML is well-controlled. On the other hand, if a person continues taking their TKI as directed and the
PCR test shows a steady rise in the number of CML
cells, then the current treatment may no longer be
working. A switch in medications may be needed
before the disease worsens.9
It is important to know that responses to TKI treatment can change over time, and that PCR changes should not cause panic. Instead of looking at
one PCR test result that seems “out of line,” doctors
advise patients to focus on the trend in test results
over time. In general, PCR numbers should go
down for people with CML who are being treated
with a TKI. During the first several months of treatment, PCR levels usually go down significantly. After
specific remission milestones are reached, the degree of reduction is generally much smaller and
stability is often fine, especially if very deep remission was achieved. If CML does not respond completely or worsens based on PCR and other tests,
patients may continue their current TKI to see

whether it could help further, or they may switch to
another TKI.9
When a rise in PCR is being assessed, it is impor
tant to focus on the point from which the rise in PCR
level occurred. For example, a rise in PCR for a patient with CML who was in deep molecular remission
means something different than the same increase
for a patient who was not in molecular remission.
When a concerning change is seen in PCR findings,
doctors should perform other tests to learn whether
their results are consistent.20
Roundtable participants have learned that
changes in their disease, including symptoms and
PCR test results, are frustrating and confusing, but
“normal.” Over years of talking with their doctors
and consulting with CML experts, these patients
strongly recommend consulting CML experts at academic or specialty cancer centers with any questions about next steps. To substantiate their advice,
consider the results of a 2015 study of community-
based medical practices. This study looked at how
often patients with CML underwent cytogenetic
and molecular monitoring. Researchers found that
patients with CML who were treated in the commu11
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nity were tested at lower rates than what was recommended by treatment guidelines. Specifically,
both cytogenetic testing and molecular testing
were done for only 1 in 4 (24%) of the patients with
CML who were followed for at least 18 months in this
retrospective, observational study (Figure 6).22

Figure 6. Frequency of Cytogenetic and Molecular
Monitoring Was Lower Than Recommendations in
Current Guidelines

ONLY
1 in 4
(24%)

“Within the first year after diagnosis and initial
treatment for CML, my test results and PCR
findings felt like a roller-coaster ride to me.
What made those hills just a bit smaller was
knowing that there are more treatment
options if the first one doesn’t work.” – Karen

Cytogenetic testing and molecular testing were done for only 1 in 4
(24%) of the patients with CML who were followed for at least
18 months in this retrospective observational study.

“People with CML should not feel as if they are
‘failing’ if their PCR results are not perfect. The
treatment fails the patient. This is why
consistent and regular PCR testing is critical for
monitoring CML status.” – Joannie

CML indicates chronic myeloid leukemia.

both online and at local hospitals, libraries, and
community centers. For patients with CML and their
families, local and national patient organizations
can be valuable sources of information and help.
Table 2 provides examples of resources to consult at
the time of CML diagnosis and/or if CML becomes
resistant to initial treatment. Other resources provided relate to cancer-focused travel and logistics
help, and clinical trials websites. Table 3 lists specific
CML-focused services offered by the Leukemia &
Lymphoma Society.

“At the beginning, I felt like I shouldn’t ever
question my doctor. I’m not educated like
they are. I felt guilty about getting a second
opinion, like I was ‘cheating’ on my doctor. I
know now that I should not have felt this
way.” – Hans

GENETIC TESTING AFTER CML
PROGRESSION

“Support is so important. Some patients want
a safe place to say, ‘I’m tired,’ and for others
to really hear them and offer support and
advice.” – Hans

One possible reason that CML may become resistant to treatment with TKIs is that the CML cells have
changed or mutated over time. These mutations
are known as “point mutations.” T315I is an example
of a point mutation of the BCR-ABL gene that makes
CML cells resistant to certain TKIs.9
Newer TKIs are effective for most of the point mutations on BCR-ABL. Before switching to a different
TKI at the time of CML progression, all patients
should undergo genetic mutation testing. Learning
which BCR-ABL point mutations are present helps
doctors and their patients choose the best TKI for
that patient.23 Patients should be involved and have
a voice in their healthcare decisions.

“Clinical trial information is really important for
patients, especially if you are losing your
response. I knew nothing about trials when I
was diagnosed with CML. I got on a Gleevec®
trial only after learning more through my
doctor. If I need to switch treatments, I want to
be able to learn which trials I might qualify for
and be as efficient about it as I can.” – Melvin
The goals of this article were to share insights
from individuals with CML who participated in the
CML Roundtable meeting that was sponsored by
Takeda Oncology, as well as to highlight resources
that can help patients and their caregivers learn

RESOURCES FOR PATIENTS WITH
CML, INCLUDING RESISTANT CML
Educational resources and support are available
12
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Table 2. Select Chronic Myeloid Leukemia (CML) and Cancer-Focused Information and Support Resources
Resource

Overview

Web Link

American Cancer Society

High-level introduction to CML and its diagnosis and
treatment

www.cancer.org/cancer/chronicmyeloid-leukemia/if-you-have-chronicmyeloid-leukemia.html

American Society of
Clinical Oncology (Cancer.
Net)

Detailed review of CML and its diagnosis and
treatment

www.cancer.net/cancer-types/
leukemia-chronic-myeloid-cml/
view-all

Aunt Bertha

Search for free or reduced-cost services like
medical care, food, job training, and more

www.auntbertha.com

CancerCare

Tips for managing the emotional challenges of
living with CML

www.cancercare.org/publications/
86-chronic_myelogenous_leukemia_
finding_emotional_support_for_longterm_illness

Choosing Wisely

Lists of doctors and other clinicians by specialty

www.choosingwisely.org/
clinician-lists

Clinical Trials (US)

Database of privately and publicly funded clinical
studies conducted around the world

www.clinicaltrials.gov

CML Advocates: CML
Clinical Trials

Database of CML-specific clinical studies
conducted around the world

www.cmladvocates.net/cmltrials

CML Buster Foundation

Through hands-on peer-to-peer monthly meetings
(in person and virtual), this group provides
emotional and informational support for the best
possible treatments and care for CML patients and
their families

www.facebook.com/cml.busters
www.cmlbf.org

Leukemia & Lymphoma
Society (LLS)

The LLS is the largest nonprofit dedicated to
creating a world without blood cancers. They
provide articles and fact sheets that review CML,
including its diagnosis and treatment. (See Table 3
of this article [below] for more information about
the LLS.)

www.lls.org/leukemia/chronic-myeloidleukemia

The Max Foundation

Organization dedicated to increasing global
access to treatment, care, and support for people
living with cancer

www.themaxfoundation.org

National Cancer Institute:
CML Overview

Detailed review of CML and its diagnosis and
treatment

www.cancer.gov/types/leukemia/
patient/cml-treatment-pdq

National Cancer Institute
(NCI): CML Clinical Trials

Database of NCI-supported CML-specific clinical
trials

www.cancer.gov/about-cancer/
treatment/clinical-trials/disease/
cml/treatment

National CML Society

Includes helpful stories about living with CML and
relevant resources; provides links to support groups
in Houston, New York, and Chicago

www.nationalcmlsociety.com

NCCN Guidelines for
Patients®: CML

NCCN Guidelines for Patients, translations of the
NCCN clinical guidelines, are meant to help
patients with cancer talk with their physicians about
the best treatment options for their disease.

www.nccn.org/patients/guidelines/
cml/index.html

PAN Foundation Fund
Finder

Find financial assistance from charitable
foundations; notification service lets patients know
when funds become available for CML

www.fundfinder.panfoundation.org

Patient Services, Inc.

Find solutions to challenges faced by chronically
ill people, including patients with CML; includes
financial support and guidance for patients with
rare diseases

www.patientservicesinc.org

WebMD Doctors Directory

Allows search by zip code and city for doctors
near you; provides ratings, research interests, and
contact information

www.doctor.webmd.com

Takeda Oncology is not endorsing any particular service or group and is not responsible for the content of these sites or services. Resources are
provided here for information purposes and are not meant to replace your healthcare provider’s medical advice.
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Table 3. Select Chronic Myeloid Leukemia (CML) Services Available Through the Leukemia &
Lymphoma Society

The Leukemia & Lymphoma Society (LLS) is the largest nonprofit dedicated to creating a world without
blood cancers. The organization offers a myriad of support and information services for people with chronic
myeloid leukemia (CML) and their caregivers.
LLS Initiative

Description and Web Link

First Connection

The Patti Robinson Kaufmann First Connection Program is a free service that
matches patients with blood cancer and their loved ones with trained peer
volunteers who have shared similar experiences
www.lls.org/support/peer-to-peer-support

Information Specialists

With this service, patients can speak one-on-one with an Information Specialist who
can assist through cancer treatment, financial and social challenges, and give
accurate, up-to-date disease, treatment, and support information. LLS Information
Specialists are master’s level oncology social workers, nurses, and health educators
www.lls.org/support/information-specialists

Blood Cancer
Conferences

Free education events for blood cancer patients, survivors, caregivers, family
members, and healthcare professionals to learn more about treatment options,
emerging therapies, management of survivorship issues, and LLS resources
www.lls.org/blood-cancer-conference

LLS Podcast: The
Bloodline

Listen in as experts and patients guide listeners in understanding diagnosis,
treatment, and resources available to blood cancer patients
www.lls.org/lls-podcast

Family Support Groups

This program gives patients and their families a place to go where they can share
information, education, and feelings in a comfortable and caring environment
www.lls.org/support/support-groups

Living with CML Chat

This chat provides a forum for patients to address the stresses and triumphs shared
by those living with CML. Patients and caregivers can discuss any issue related
to living with CML: a new diagnosis, treatment decisions, relapse, treatment side
effects, emotional toll, fatigue, interpersonal relationships, clinical trials, etc.
www.lls.org/support/online-chats#Living%20with%20CML

Financial Assistance

LLS’s Co-Pay Assistance Program offers financial support toward the cost of
insurance copayments and/or insurance premium costs for prescription drugs.
Other LLS initiatives offer financial help regarding ground transportation, air travel,
and lodging-related expenses
www.lls.org/support/financial-support

Clinical Trial Support

This service offers one-on-one support from an LLS Clinical Trial Nurse Navigator who
will personally assist patients throughout the entire clinical trial process
www.lls.org/support/information-specialists/clinical-trial-support-center-ctsc

more about CML, including resistant disease. We
hope that patients with CML and their caregivers
can use this information to partner effectively with
their medical team. ◆
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