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The introduction of BCR-ABLI tyrosine kinase inhibitors (TKls) for treatment of chronic myeloid leukemia (CML) has made it possible
for this cancer to be controlled in many patients for long periods with chronic medication and regular monitoring of disease status.
Hematologic and cytogenetic testing, molecular monitoring, and BCR-ABLT mutational analysis have become integral to the routine
management of CML. The information that each type of test provides is essential to confirm a diagnosis, determine the disease
stage, assess response to treatment, and monitor for signals of disease progression — all of which can be used to identify patients
who might require further evaluation, closer follow-up, and additional intervention, and to guide clinical decisions. This review
describes how each type of test is performed, the information it provides, and the clinical importance of such information. It also
uses actual patient case studies to illustrate important points. The goal of this review is to provide health care providers, particularly
nursing professionals, with a clear understanding of the method and purpose of each type of test required in the management of
patients with CML.
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hronic myeloid leukemia (CML) is a hema-
‘ tologic cancer marked by the overgrowth of
myeloid cells in the bone marrow and the
accumulation of myeloid cells in peripheral blood.
Almost all patients with CML have a chromosomal
abnormality, the Philadelphia (Ph) chromosome,!
which is the hallmark of this cancer. Formation
of the Ph chromosome through a translocation
between chromosomes 9 and 22 generates an aber-
rant fusion gene, BCR-ABL1, that encodes a consti-
tutively active tyrosine kinase that has been shown
to be the pathologic cause of CML.2
CML in chronic phase (CP) is highly treatable. In
most patients who have been newly diagnosed with
CML-CP, disease control can be maintained for
years under long-term, continuous treatment with
BCR-ABLI1 tyrosine kinase inhibitors (TKIs). Five
TKIs are currently approved for treatment of CML:
imatinib, nilotinib, and dasatinib are approved for
first- and second-line use, and bosutinib and pona-
tinib are approved for second- or third-line use. In
addition to these TKIs, a protein synthesis inhibi-
tor, omacetaxine mepesuccinate, derived from the
extract of the yew tree, is also approved for third-line
treatment of CML after treatment with at least two

TKIs. Imatinib (originally known as STI571) was
the first TKI approved for the treatment of CML.
Eight years of follow-up of the phase 3 International
Randomized Study of Interferon vs STI571 (IRIS)
in the treatment of patients with newly diagnosed
CML-CP have documented annual rates of dis-
ease progression with imatinib ranging from 0% to
2.8%.%° In head-to-head comparative studies with
imatinib, nilotinib and dasatinib are associated with
even lower annual rates of progression. Four years of
follow-up of the Evaluating Nilotinib Efficacy and
Safety in Clinical Trials—Newly Diagnosed Patients
(ENESTnd) study found that treatment with nilo-
tinib results in significantly lower annual rates of
disease progression each year compared with ima-
tinib.*? Three years of follow-up of the Dasatinib
versus Imatinib Study in Treatment-Naive CML
Patients (DASISION) found that treatment with
dasatinib also resulted in lower annual rates of dis-
ease progression compared with imatinib.'01?

Both bosutinib and ponatinib were approved for
second- or third-line treatment of CML on the basis
of findings of phase 2 studies. The bosutinib phase
2 study showed rates of 2-year progression-free sur-
vival (PFS) of 79% in patients with CML-CP resis-
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tant to or intolerant of prior imatinib® and 73% in patients
with advanced CML who failed treatment with > 2 TKIs."
Bosutinib has also been evaluated against imatinib as an
initial therapy in patients with CML-CP.* In the first-line
setting, although bosutinib was associated with a lower rate
of disease progression, it did not significantly improve the
rate of complete cytogenetic response (CCyR) compared
with imatinib.

In the phase 2 PACE (Ponatinib Ph+ acute lympho-
blastic leukemia [ALL] and CML Evaluation) study, cyto-
genetic and molecular responses were observed in patients
with CML-CP or advanced CML who were resistant to
or intolerant of > 1 TKI. This included patients harboring
the T3151 BCR-ABLI1 mutation, which is resistant to other
TKIs approved for CML.’* A clinical study of first-line
ponatinib versus imatinib is currently underway. No results
are available yet.

Essential components of the management of patients
with CML that is controlled with TKI therapy are the rou-
tine monitoring of treatment response and the assessment
of minimal residual disease. Performing the recommended
tests at regular intervals provides information that can help
guide treatment decisions, predict prognosis, and herald
the occurrence of disease relapse before the appearance of
clinical symptoms. Despite the importance and necessity
of routine testing in CML, surveys show that many health
care providers do not perform such testing at the recom-
mended frequencies.'”2

In this review, I describe the types of testing that are
performed in patients with CML, outline recommenda-
tions for the frequency of testing, and discuss the clinical
data that support the importance of each test in optimizing
clinical outcomes for patients with CML.

Common tests performed in the
management of CML

The National Comprehensive Cancer Network (NCCN)
provides clinical practice guidelines that include recom-
mendations for health care providers on the timing and
frequency of the tests used in the management of CML.*
These recommendations are summarized in Table 1. The
criteria that define levels of response as assessed by various
types of testing are provided in Table 2 (p. 182).

Hematologic testing

Hematologic testing, which includes a complete blood cell
count with white blood cell (WBC) differential, is done
routinely as part of the patient work-up at the time of diag-
nosis. Hematologic test results are used to determine the
stage of disease that patients are in, either early (CP) or
advanced (accelerated phase [AP] or blast phase [BP]).
Several sets of criteria that define CML-AP and CML-BP
disease are commonly used (eg, those developed by MD
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Anderson Cancer Center, the World Health Organization,
and the International Bone Marrow Transplant Registry).
Although these sets of criteria include distinct clinical
and pathologic factors, they all rely at least in part on cell
counts (WBC differential and platelets) to determine dis-
ease stage.”!

In the past, hematologic testing was used as a measure of
early response to TKI treatment and the NCCN Clinical
Practice Guidelines in Oncology (NCCN Guidelines)
previously included achievement of complete hematologic
response (CHR) as the expected level of response after 3
months of TKI therapy. However, clinical experience has
now demonstrated that nearly all patients on first-line TKI
therapy achieve CHR by 3 months. Therefore, this criterion
was not stringent enough to distinguish high-risk patients
—who might benefit from further evaluation, closer follow-
up, or a change in treatment plan — from low-risk patients,
who do not need additional intervention. In recent NCCN
Guidelines, the NCCN revised the 3-month response
milestone to the achievement of deeper levels of response
(ie, cytogenetic or molecular response).!

Hematologic testing is also performed routinely during
TKI therapy as a means to monitor loss of CHR and the
emergence of myelosuppression. Because loss of hematologic
response may be a sign of TKI resistance and/or disease relapse
or progression, patients who lose CHR require further evalu-
ation, including assessment of treatment adherence and drug
interactions and BCR-4BLI mutational analysis (see p. 6-7).
A change in treatment plan should be considered for these
patients, with the goal of recapturing previously achieved lev-
els of response. Myelosuppression is a frequent and predictable
side effect of TKI therapy. Patients who develop severe myelo-
suppression during TKI therapy may require dose adjustment,
brief interruption of treatment or addition of growth factors
to TKI therapy.*!

Cytogenetic testing

Cytogenetic testing usually involves either karyotyping or
fluorescence in situ hybridization (FISH). Of the 2 tech-
niques, cytogenetic testing by karyotyping is more com-
monly used in routine monitoring in CML. Karyotyping
allows the visualization of the full complement of chromo-
somes at once and is suitable for detecting gross chromo-
somal abnormalities. Karyotyping is typically performed
using cells from a bone marrow sample that are induced
to undergo mitosis. Cells are arrested in metaphase and
burst open and nuclei are fixed. Stains are added to reveal
structural features of chromosomes (Figure 1, p.182).22 At
least 20 cells must be analyzed to be considered an ade-
quate sample.” Karyotyping has the resolution to detect
such chromosomal abnormalities as translocations, aneu-
ploidy, deletions, and insertions. In fact, karyotyping was
the technique used to determine that the Ph chromosome
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TABLE 1 Recommended fiming and frequency of hematologic, cytogenetic, and molecular festing, and mutational analysis®

Testing
Hematologic

Cytogenetic
disease phase
During TKI therapy

Recommended timing and frequency of testing
At diagnosis, to obtain a complete blood count with differential and platelets

At diagnosis, for karyotypic analysis to confirm the diagnosis® and for morphological review to establish the

= At 3 mo, if gRT-PCR (IS) is not available

qRT-PCR (IS)
During TKI therapy

At 12 mo, if neither CCyR nor MMR is achieved
At 18 mo, if MMR is not achieved and CCyR was not achieved at 12 mo
At any time, if = 1-log increase in BCR-ABLI level without MMR

At diagnosis to establish a baseline BCR-ABLI level

= Every 3 mo, if patient is responding to treatment
= After achievement of CCyR, every 3 mo for 3 y; every 3-6 mo thereafter
= At any time, if = 1-log increase in BCR-ABLI level with MMR, repeat testing in 1-3 mo

BCR-ABL1 kinase domain
mutation analysis =

During TKI therapy

If there is failure to achieve BCR-ABLI (IS) < 10% or PCyR at 3 mo, or CCyR at 12 and 18 mo

= |f there is loss of response, namely hematologic or cytogenetic relapse, or = 1-log increase in BCR-ABL]T

level and loss of MMR

= Atany time, if there is disease progression to CML-AP or CML-BP

AP, accelerated phase; BP, blast phase; CCyR, complete cytogenetic response; FISH, fluorescence in situ hybridization; IS, international scale; MMR, major molecular response;
PCyR, partial cytogenetic response; gRT-PCR (IS), quantitative reverse transcription polymerase chain reaction assay per the international scale; TK, tyrosine kinase inhibitor

°Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Chronic Myelogenous Leukemia V.3.2014. ©2014 No-

tional 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 the NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.
National Comprehensive Cancer Network, NCCN, NCCN Guidelines, and all other NCCN content are frademarks owned by the National Comprehensive

Cancer Network Inc. bIf bone marrow collection is not feasible, an acceptable method of confirming the diagnosis is FISH on a peripheral blood sample using dual

probes for the BCR and ABL1 genes.

was a result of a reciprocal translocation between chromo-
somes 9 and 22.2

Karyotyping is recommended at the time of initial
patient work-up as a means to confirm a diagnosis of CML.
The importance of this testing to proper diagnosis is illus-
trated by the following actual patient case of a 72-year-old
woman who initially came under our care showing a lack of
response to treatment for acute myeloid leukemia (AML).
Hematologic testing revealed > 30% blasts on peripheral
blood counts, a result that was subsequently confirmed by
a bone marrow sample. A thorough review of her medical
records of the previous 2 years raised the possibility that the
patient could have CML-BP, not AML. A karyotype was
done, the presence of the Ph chromosome was confirmed,
and a diagnosis of CML-BP was made. The patient was
then immediately started on TKI therapy for CML-BP.
She responded well and has remained in remission for
more than 14 months. In this case, the karyotype was criti-
cal to making an accurate diagnosis, which explained the
lack of response to AML therapy and allowed more effec-
tive treatment to be given.

During TKI therapy, the percentage of Ph-positive cells,
as determined by karyotyping, is a measure of response to
treatment (Table 2). The detection of additional cytogenetic
aberrations (ACAs), either at diagnosis or during treat-
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ment, is considered a high-risk warning sign that predicts
poorer prognosis or disease progression (ie, clonal evolu-
tion). Studies have shown that rates of 5-year overall sur-
vival (OS) and PFS are lower for patients who show ACAs
at diagnosis.*** In addition, the detection of clonal evolu-
tion is a correlate of disease progression, as suggested by
the greater prevalence of ACAs in patients with CML-BP
compared with those with CML-CP/AP.* Because clonal
evolution results in the nonrandom accumulation of chro-
mosomal abnormalities, it is viewed as an early step in the
process of disease progression.?’

Patients who have ACAs should be considered for fur-
ther evaluation and closer follow-up. We have in our care a
68-year-old woman diagnosed with both CML and low-
grade myelodysplastic syndrome (MDS). At 6 months
after her initial diagnosis, a bone marrow cytogenetic anal-
ysis was performed and trisomy 8 with no additional cyto-
genic aberrations was detected. TKI therapy was initiated
for treatment of the CML and she achieved undetectable
levels of residual disease (as measured by molecular testing
[see p. 183]) within 8 months of starting TKI therapy for
CML. Although the patient has maintained her response
on dasatinib for over 4 years, we continue to monitor her
closely because the presence of MDS, a second malignancy,
requires weekly treatment of erythropoietin injection and
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Bone marrow biopsy

Cell culture

Arrest in metaphase

Fix and stain

FIGURE 1 Conventional bone marrow cytogenetics — karyotyping. The karyotype of a typical patient with chronic myeloid leuke-

mia shows the translocation (black and white arrowheads) between chromosomes 9 and 22. The altered chromosome 22g- is also
known as the Philadelphia (Ph) chromosome, the hallmark of CML.22 Image source: Piehkowska-Grela B, Rygier J, Woroniecka R, et
al. Karyotype changes during long-term targeted therapy of chronic myeloid leukemia with imatinib. Leuk Lymphoma. 2009;50:952-

965. Reproduced with permission.

because trisomy 8 is a very common cytogenetic abnormal-
ity arising in patients with clonal evolution,” which may
predispose them to disease progression.

FISH is a technique that allows the visualization of spe-
cific DNA sequences on chromosomes. FISH can be per-
formed on cells from bone marrow or a peripheral blood
sample. Fluorescent probes that are designed to bind to
specific DNA sequences are hybridized to DNA on a slide

and a specialized fluorescence microscope is used to detect
the position of the fluorescent probes bound to their target
DNA sequences® (Figure 2). At least 100 cells are usually
analyzed with this technique. Because FISH uses probes
that recognize specific, often unique DNA sequences, it is
unsuitable for visualizing or detecting gross chromosomal
abnormalities or surveying overall chromosomal structure.
As such, FISH is used in limited circumstances in patients

TABLE 2 Criteria for hematologic, cytogenetic, and molecular response®®

Response criteria

Complete normalization of peripheral blood counts

Leukocyte count < 10 x 10%/L

Platelet count < 450 x 10°/L

No immature cells (myelocytes, promyelocytes, or blasts) in peripheral

= Disappearance of palpable splenomegaly
= No signs and symptoms of disease

Testing Level of response
Hematologic Complete (CHR) "
-
| |
| |
blood
Cytogenetic Complete (CCyR)
Partial (PCyR)
Major (MCyR)
Minor (mCyR)
Molecular Complete (CMR)

0% Ph+ metaphases

1%-35% Ph+ metaphases

0%-35% Ph+ metaphases (CCyR + PCyR)
> 35% Ph+ metaphases

No detectable BCR-ABLI transcripts by gRT-PCR (IS)

using an assay with =4.5-log sensitivity below the standardized baseline

Major (MMR)

= 3-log reduction in BCR-ABL] level by gRT-PCR (IS)

Ph+, Philadelphia chromosome-positive; qRT-PCR (IS), quantitative reverse transcription polymerase chain reaction assay per the international scale

*Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Chronic Myelogenous Leukemia V.3.2014. ©2014
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 the NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.
National Comprehensive Cancer Network, NCCN, NCCN Guidelines, and all other NCCN Content are trademarks owned by the National Comprehensive
Cancer Network Inc. "Adapted with permission from Faderl S, Talpaz M, Estrov Z, Kantarjian HM. Chronic myelogenous leukemia: biology and therapy. Ann

Intern Med. 1999;131:207-219.
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ABLT gene sequence

BCR gene sequence

BM or PB sample

Green Red
fluorescent fluorescent
tag tag
Y Y Y

ABL1

BCR probe

Fix target DNA

probe

Denature

Hybridize probes
to target

View under fluorescence

microscope

FIGURE 2 Standard fluorescence in situ hybridization (FISH). A typi-
cal interphase nucleus after FISH analysis for the presence of the
Philadelphia (Ph) chromosome is shown. The presence of 1 red sig-
nal (normal chromosome 9), 1 green signal (normal chromosome
22), and 1 yellow signal (overlap of red and green signal due to
juxtaposition of BCR and ABLT genes) confirms the presence of the
Ph chromosome. Image source: American Society of Hematology Im-
age Bank # 00001474; http://imagebank.hematology.org/. Repro-

with CML. At diagnosis, FISH can be performed with
dual color probes to detect BCR and 4BL1, if bone marrow
cytogenetic testing is not available to confirm diagnosis.”!
Furthermore, FISH has not been adequately studied as a
method to monitor response to treatment, so regular FISH
testing during treatment is not recommended.?'

Molecular testing

Molecular testing is now most commonly done by quan-
titative reverse transcription polymerase chain reac-
tion (QRT-PCR; Figure 3, p. 185). gqRT-PCR uses RNA
extracted from either a peripheral blood or a bone marrow
sample. The use of peripheral blood rather than bone mar-
row for cytogenetic testing is preferred because of the less
invasive nature of blood sampling. In this type of molecular
testing, RNA is converted to DNA by reverse transcrip-
tion and DNA is amplified by PCR.* The qRT-PCR tech-
nique is both specific and sensitive, because amplification
of the target sequence only occurs when the PCR primers
and the qRT-PCR fluorescent probe bind to the correct
sites. Typical assays based on this technique can detect a
single CML cell among 10°-10° normal cells.* Therefore,
gRT-PCR is the most suitable method for regular moni-
toring of response to TKI therapy.
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duced with permission. BM, bone marrow; PB, peripheral blood

Current NCCN Guidelines specify the use of qRT-
PCR assays aligned with the international scale (IS).*
Because the IS defines a standardized baseline that is not
dependent on the baseline BCR-ABLI levels of a specific
patient,* qRT-PCR test results reported on the IS can be
directly compared across laboratories that use assays stan-
dardized to the IS and results can be interpreted more
accurately, consistently, and reproducibly. If qRT-PCR
(IS) is not available, the NCCN Guidelines recommend
the use of bone marrow cytogenetic testing with karyotyp-
ing? as the means to monitor TKI treatment response. Use
of non-IS-standardized qRT-PCR is not recommended.
Laboratories that do not report qRT-PCR results on the
IS can convert to the IS through a validation process that
uses a reference set of samples for calibration of test results
to 2 “anchor” points on the IS, baseline (100% IS) and
major molecular response (MMR, 0.1% IS).*

Molecular monitoring during TKI therapy is recom-
mended once every 3 months. Maintaining regular molecular
monitoring frequency is important for several reasons. First,
achievement of early molecular response to TKI therapy pre-
dicts favorable long-term outcomes, including improved rates
of future treatment response and rates of OS, PFS, and dis-
ease transformation to CML-AP/BP3% Current NCCN
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TABLE 3 Satisfactory and unsatisfactory response to TKI therapy by time on TKI therapy®

Response
Time on TKI therapy, mo Satisfactory® Unsatisfactory*
8 BCR-ABLT < 10% (IS), or PCyR BCR-ABLT >10% (IS), or < PCyR
12 CCyR < CCyR
18 CCyR < CCyR

CCyR, complete cytogenetic response; IS, international scale; PCyR, partial cytogenetic response; TKI, tyrosine kinase inhibitor

*Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Chronic Myelogenous Leukemia V.3.2014. ©2014 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 the NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. National Comprehensive Can-
cer Network, NCCN, NCCN Guidelines, and all other NCCN Content are trademarks owned by the National Comprehensive Cancer Network Inc. bLevel of response
that does not warrant a change in treatment. “Level of response that warrants further patient evaluation and consideration of a change in treatment.

Guidelines consider BCR-ABLI < 10% (IS) to be the desired
level of response at 3 months* (Table 3). A change in treat-
ment plan may be considered for patients who do not achieve
desired levels of response. In this way, the results of molecular
monitoring at early time points can provide prognostic infor-
mation that health care providers can apply to their clinical
decisions about a patient.

Second, rises in BCR-ABLI level may occur as a result of
reduced treatment adherence.* Patients who have achieved
MMR and demonstrate a 1-log increase in BCR-ABLI level
should have repeat testing done in 1-3 months.* If the BCR-
ABL1 level continues to rise, further evaluation is warranted.
Patients also should be queried about their adherence to treat-
ment. In my experience, younger patients exhibit overall bet-
ter adherence to TKI therapy than do middle-aged patients,
particularly younger patients who are still under parental care
and thus have a strong support system. Other researchers have
also identified a significant correlation between a greater level
of social support and better treatment adherence, although
this was not dependent on patient age.* Based on my clinical
observations, adherence is more of a problem in middle-aged
patients, who may be juggling many responsibilities (eg, work,
children, aging parents) in addition to their own care. Their
divided attention may contribute to forgetfulness or to the
sense that other areas of their lives take priority over self-care.

Consider the case of a 35-year-old family man diag-
nosed with CML and treated at our practice. He began
first-line TKI therapy and achieved CHR after 2 months.
Unbeknown to us, the patient started skipping doses
because he no longer felt sick. After 6 months, he showed
signs of a response plateau, but his BCR-A4BLI transcript
levels continued to decline, although at a slower pace. At
1 year, the patient had not achieved MMR. Subsequent
cytogenetic testing (karyotyping) showed 90% Ph-positive
cells, indicating failure of first-line therapy. In light of these
findings, the patient admitted to skipping doses, although
cytogenetic testing in this case had already confirmed our
suspicion that the patient had not been adherent to TKI
therapy. We worked with the patient to address issues in
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his personal life that interfered with his taking daily medi-
cation and we switched him to second-line TKI treatment.
Following this change in treatment, we monitored his
response to treatment more closely, with qRT-PCR testing
every month for the first 6 months, then every 3 months
thereafter. At each clinic visit, we make it a point to ask if
he has been taking his daily medication. Now, 6 months
after starting second-line therapy, the patient is doing well.

Rises in BCR-ABL1 level also may result from the devel-
opment of resistance, marking an early sign of disease relapse
or disease progression.®* Disease progression may occur for
a time before patients experience outward symptoms. In such
instances, regular molecular monitoring can be one of the ear-
liest ways to detect worsening disease severity.

Regular molecular monitoring is an essential compo-
nent of care, not only during periods of active treatment
but also when TKI therapy is discontinued for medi-
cal reasons. It should be emphasized that discontinuation
of TKI therapy is not routine practice and should not be
undertaken at this time outside the context of a clinical
study or the most dire circumstances. We had no choice
but to prematurely discontinue treatment when a 34-year-
old woman in our practice became pregnant while on TKI
therapy. The patient had been on TKI treatment for 15
months and had achieved CCyR when she intentionally
became pregnant. When her pregnancy was brought to our
attention, TKI therapy was immediately discontinued and
she was placed on interferon alfa (IFN-o) for the dura-
tion of her pregnancy. Monthly qRT-PCR (IS) testing was
performed to monitor her BCR-ABLI level. The patient
showed minimal response to IFN-o. therapy and her BCR-
ABL1I level began to rise in the 24th week of pregnancy.
Over the next several weeks, we adjusted the IFN-a dose
and continued monitoring BCR-ABLI levels for response.
The patient gave birth to a healthy baby girl and, soon
after, was restarted on TKI treatment. Three months after
restarting TKI therapy, testing indicated that our patient
had achieved a 3-log reduction in her BCR-A4BLI levels,
0.1% as determined by qRT-PCR (IS). We plan to follow

www.jcso-online.com



up at 1 year with bone marrow cyto-
genetics to determine whether she
has achieved CCyR once again.

It is important to note that preg-
nancy during TKI therapy for CML
is not recommended because of the
potential harm that the medication
may pose to the developing fetus
and because of the unknown possible
effects of in utero exposure to TKI
therapy on infant/child development.
The TKIs are considered pregnancy
category D drugs.'®** A global ima-
tinib and nilotinib pregnancy expo-
sure registry was opened in 2011 to
assess effects of TKI discontinuation

BM or PB sample

Extraction

Reverse franscription

\J

| >

[f
(2)

on maternal health and TKI expo-
sure on fetal and infant development
(NCT01289054), and an observa-
tional study of conception and preg-
nancy in patients with CML on TKI
therapy is currently open for enroll-

ment (NCT01752062). ®
The case described above high-

lights the struggles that younger @

patients face in grappling with the

effects of their disease on their fer- ®

tility, sexuality, and family planning.
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These are important issues to patients
(as they are to the general popula-
tion), and health care providers might
find that their patients seek informa-
tion and guidance on how to handle
issues arising when the disease inter-
sects with personal hopes and dreams.
When this happens, health care pro-
viders might find that a straightfor-
ward approach to open discussion of these topics yields the
best results.

Mutational analysis
Mutational analysis refers to testing that detects the pres-
ence of genetic mutations in the BCR-4BLI gene. Various
techniques are used to detect genetic mutations, and they
are generally based on DNA sequencing,” denaturing
high-performance liquid chromatography,**** or PCR.>*%*
The development of BCR-ABL1 kinase domain muta-
tions may confer resistance to treatment with 1 or more
TKIs. The 5 approved TKIs differ in the spectrum of BCR-
ABL1 mutants to which they bind.***” In addition to the
TKI safety profile, this information may help to inform
TKI treatment choice, depending on what specific BCR-
ABL1 mutation or mutations are detected. For example,
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FIGURE 3 Quantitative reverse transcription polymerase chain reaction (qRT-PCR). The
typical gRT-PCR technique used to measure BCR-ABL1 transcript level is shown. A, PCR
primers and the qRT-PCR probe anneal to target DNA sequence. No fluorescence is
emitted when the quencher (Q) is proximal to the reporter (R). B, DNA polymerase ex-
tends the sequence from the primer toward the probe. C, The exonuclease function of
DNA polymerase cleaves the probe and releases the reporter from its association with
the quencher, and a fluorescent signal is emitted. Image courtesy of A. Lau. BM, bone
marrow; PB, peripheral blood

ponatinib is the only approved TKI that binds to the T315I
BCR-ABL1 mutant protein.” It should be noted that fac-
tors other than in vitro binding affinity can affect TKI
activity in patients.”®

Summary and conclusions

TKI therapy for CML has changed the way patients with
this cancer are managed. The longer life expectancies of
patients diagnosed with CML in the current era of TKI
therapy have allowed this once rapidly fatal cancer to be
controlled as a chronic condition with continuous, long-
term medication. An essential component of CML man-
agement therefore involves regular assessments of treat-
ment response and minimal residual disease to monitor
the stability of disease control over long periods of active
treatment.
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Hematologic and cytogenetic testing, molecular moni-
toring, and mutational analysis are integral assessment tools
in the management of CML. Each type of testing serves
an important purpose in assessing and monitoring disease
status. Hematologic testing is the most suitable method
to assess the presence of myelosuppression and loss of
response. Cytogenetic testing is the most suitable method
to determine clonal evolution and possible disease pro-
gression. qRT-PCR is the most expedient method avail-
able to determine treatment response and track minimal
residual disease. qRT-PCR testing may also reveal signs of
reduced treatment adherence or disease progression. BCR-
ABL1I kinase domain mutational analysis may offer insight
into mechanisms of TKI resistance and inform subsequent
treatment selection. What all of these tests have in com-
mon is that their results can identify patients in need of
further evaluation or closer follow-up. Early identification
of patients who have not reached treatment milestones or
have lost a response allows early intervention, which may
reduce the likelihood of disease progression.

In conclusion, each type of test used in the evaluation of
patients with CML serves an important function, and opti-
mal management of patients with CML depends in large
part on the appropriate implementation of these tests at the
recommended intervals. Furthermore, with a clear under-
standing of the method and purpose of these common
tests, nursing professionals can educate their patients and
manage their patients’ expectations about what the man-
agement of CML as a chronic disease will entail. Getting
patients “on board” with the CML management plan from
the very start of care could go a long way toward instilling
in patients good habits of regular testing and clinic vis-
its, and adhering to treatment — habits that bode well for
achieving good patient outcomes.
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