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Background: Some patients with chronic myeloid leukemia 
(CML) are eligible for tyrosine kinase inhibitor (TKI) 
discontinuation, which can reduce health system costs and 
may result in fewer adverse effects (AEs). This project sought 
to evaluate the potential cost avoidance and health outcomes 
associated with TKI discontinuation, including CML relapse, 
changes in reported AEs, long-term remission, and TKI 
withdrawal syndrome. 
Observations: Patients with chronic phase CML who had 
an active order for a TKI were eligible for discontinuation. 
Patients needed to be on TKI therapy for ≥ 3 years and 
have a stable molecular response. Patients were excluded 
if they had a history of advanced accelerated phase CML, a 
previous TKI discontinuation trial, nonadherence, or if they 

did not want to discontinue TKI. Oncology clinical pharmacy 
practitioners at each Veterans Integrated Services Network 
(VISN) 21 facility were notified of eligible patients. Fifteen VISN 
21 patients were eligible for discontinuation as of October 
2024, with a potential annual cost avoidance of $1.2 million 
if discontinued. A dashboard was developed to allow for 
ongoing TKI discontinuation in eligible patients.
Conclusions: Discussions of TKI discontinuation with 
patients with CML led to collaboration with the patient care 
team and potential for significant cost avoidance without 
negatively impacting patient outcomes. Barriers to therapy 
discontinuation included patient concern for relapse, risk of 
discontinuation syndrome, the need for close monitoring, and 
required clinician buy-in. 

Chronic myeloid leukemia (CML) is a he-
matologic malignancy resulting from an 
acquired mutation. The mutation results 

in a reciprocal translocation between the long 
arms of chromosomes 9 and 22 and is known 
as the Philadelphia chromosome (Ph), or Ph-
positive (Ph+) when present. The translocation 
results in the formation of a BCR-ABL fusion on-
cogene, which leads to continuous cell cycling 
and proliferation, altered differentiation, and a 
loss of apoptosis.1,2

Until the 1980s, CML was considered fatal.3 
The mainstay of treatment consisted of 2 oral 
chemotherapeutic agents, busulfan and hydroxy-
urea. These medications did not prevent blast 
crisis, a fatal form of leukemia.4,5 The introduction 
of tyrosine kinase inhibitors (TKIs) transformed 
CML management and improved 10-year over-
all survival from about 20% to > 80% by delay-
ing the transition to blast crisis. Now, the risk of 
death from general health conditions or comor-
bidities is higher than that of CML.6 

TKIs target the root cause of CML through 
inhibition of the BCR-ABL oncoprotein.1,2 For 
CML, the goals of treatment include maintain-
ing hematologic, cytogenetic, and molecular re-
mission; preventing progression to accelerated 
phase or blast crisis; minimizing toxicity; and en-
abling potential cessation of therapy in carefully 
selected patients.7,8

Small cohort studies suggest that dose re-
duction of TKIs in patients who achieve op-
timal responses may reduce the risk of 

long-term adverse effects (AEs). However, op-
timal dose-reduction and minimum effective 
dose of each agent are unknown.7 The abil-
ity to maintain undetectable minimal resid-
ual disease or disease detectable at a stable 
low level after TKI discontinuation has been 
called treatment-free remission. Studies sug-
gest that about 40% to 50% of patients who 
have achieved a stable deep molecular re-
sponse remain in treatment-free remission 
after stopping first-line treatment.9,10 Of the 
patients who relapse following TKI discontinu-
ation, 80% relapse within the first 6 months of 
treatment cessation. Molecular response is re-
gained in almost all patients when treatment is 
resumed with the same TKI.11

The National Comprehensive Cancer Net-
work (NCCN) recommends considering dis-
continuation of TKI therapy only outside 
the setting of a clinical trial and only in pa-
tients who consent to discontinuation after 
a thorough discussion of the potential risks 
and benefits. The NCCN criteria for patients 
who may be eligible for discontinuation are 
listed in Table 1. The Life After Stopping 
TKIs study reported that 80% of patients 
with well-controlled chronic phase CML who 
discontinued TKIs had a clinically meaning-
ful improvement in fatigue. Patients also re-
ported clinically meaningful improvements in 
depression, diarrhea, sleep disturbance, and 
pain interference. These symptoms wors-
ened after restarting TKI therapy.12



TKI DISCONTINUATION
Electronic health record data were extracted 
using structured query language from the 
US Department of Veterans Affairs (VA) Cor-
porate Data Warehouse (CDW). To be eli-
gible for discontinuation, veterans had to 
be aged ≥ 18 years, receive oncology care 
within a Veterans Integrated Services Net-
work (VISN) 21 health care system (HCS) (VA 
Sierra Nevada HCS, VA Southern Nevada 
HCS, VA Central California HCS, VA Palo 
Alto HCS, VA Northern California HCS, and 
VA San Francisco HCS) or be a veteran re-
ferred to a community-based oncology prac-
titioner. Patients had to have a documented 
diagnosis of chronic phase CML, have an 
active order for a TKI, be on TKI therapy for 
≥ 3 years, and have a stable molecular re-
sponse (BCR-ABL1 ≤ 0.01% on the Interna-
tional Scale for ≥ 2 years with ≥ 4 tests done 
≥ 3 months apart) as of October 1, 2024. 
Veterans were excluded if they had a history 
of advanced accelerated phase CML, previ-
ous TKI discontinuation trials, nonadherence 
to the TKI, or if they did not want to consider 
TKI discontinuation.

This analysis evaluated the potential cost 
avoidance associated with TKI discontinuation. 
Cost avoidance was calculated using the av-
erage wholesale price of each TKI. Secondary 
objectives evaluated health outcomes of TKI 
discontinuation including CML relapse, reported 
AEs, long-term remission, and TKI withdrawal 
syndrome. Health outcomes were determined 
through chart review of AEs and clinic notes 
documented in the electronic health record dur-
ing the study time frame. 

Baseline information for eligible patients was 
collected, including age, sex, and race, and 
chart reviews were completed to evaluate re-
ported AEs associated with therapy. Oncology 
clinical pharmacy practitioners (CPPs) at each 
VISN 21 facility were notified of eligible patients 
to facilitate discussion with oncologists and es-
tablish monitoring if therapy was discontinued. 
Following TKI discontinuation, health outcomes 
were evaluated, including CML relapse, changes 
in reported AEs, long-term remission, and TKI 
withdrawal syndrome. Descriptive statistics were 
used to analyze the baseline characteristics. 
Cost avoidance was calculated using the aver-
age wholesale price for each TKI. The number of 
tablets required to reach each patient’s individ-
ual dose was taken into consideration when de-
termining the cost avoidance. A dashboard was 
created using the query from the CDW and was 
developed in Microsoft Power BI.  

Preliminary Results
In FY 2024, VISN 21 had 3819 oncology pa-
tients. Twenty-four patients had taken a TKI for 
≥ 3 years, 20 had a stable molecular response, 
and 15 had not previously attempted to discon-
tinue their TKI (Figure 1). Fifteen veterans were 
eligible for therapy discontinuation for a total 
potential annual cost avoidance of $1.2 million 
(Figure 2). Most of the cost avoidance, $935,057 
(78%), was attributed to 3 patients on nilotinib. 
The mean age of the population was 74 years. 
All patients were male, and 12 (80%) were White 
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TABLE 1. NCCN Criteria for Discontinuation of  
TKIs for Patients With CML7

Criteria

Consultation with CML specialty center to review appropriateness for TKI  
discontinuation with thorough discussion of the potential risks and benefits

Motivated patient with structured communication

Aged ≥ 18 years

Chronic phase CML, with no history of accelerated phase or blast phase 

Receiving first-line therapy, or second-line therapy if tolerance was the only reason 
for changing TKI

Receiving TKI therapy for ≥ 3 to 5 years

Prior evidence of detectable disease via BCR-ABL1 transcript

Stable molecular response for ≥ 2 years, as documented on ≥ 4 tests performed  
≥ 3 months apart

Access to reliable response monitoring that provides results within 2 weeks

Monthly molecular monitoring for the first 6 months following discontinuation, 
bimonthly during months 7 to 12, and quarterly thereafter (indefinitely) if still in MMR

Prompt resumption of TKI within 4 weeks in patients with loss of MMR, with 
monthly molecular monitoring until MMR is re-established and every 3 months 
thereafter. If MMR is not achieved after 3 months of TKI resumption, BCR-ABL1 
kinase domain mutation testing should be performed and monthly monitoring 
should continue for another 6 months

Abbreviations: CML, chronic myeloid leukemia; MMR, major molecular response; 
NCCN, National Comprehensive Cancer Network; TKI, tyrosine kinase inhibitor.

TABLE 2. Patient Demographics (N = 15)
Patients, No. (%)

Age group
  51-60 y
  61-70 y
  71-80 y
  81-90 y
  > 90 y

2 (13)
2 (13)
8 (54)
2 (13)
1 (7)

Race
  White
  Black/African American 
  Other/Not reported

12 (80)
2 (13)
1 (7)

Male sex 15 (100)
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(Table 2). At baseline, 11 patients (73%) were 
taking imatinib. One patient received oncology 
care from a community care clinician. All 15 pa-
tients decided to remain on therapy.

DISCUSSION
As a multisite quality improvement initiative, 
this project raised awareness of TKI therapy 
discontinuation in select patients with CML. 
It also sparked collaboration among oncology 
CPPs and clinicians and stimulated conversa-
tions about CML treatment. The development 
of the TKI discontinuation dashboard pro-
vides a population health management tool for 
CPPs and clinicians to identify eligible patients 
in the future. 

Adherence to TKIs is crucial for disease con-
trol and survival in patients with CML. Patients 
are counseled that poor adherence to therapy 
may contribute to worsening disease or subop-
timal response, the development of resistance, 
and greater health care costs.13 Therefore, it 
was a challenge for patients to understand and 
accept that they could stop TKI therapy after 
achieving a stable deep molecular response. Dis-
cussions with patients about the goal of ther-
apy—suppressing the BCR-ABL oncogene, 
which they have achieved—could encourage pa-
tients to trial therapy discontinuation. 

Only small cohort studies have been com-
pleted to evaluate the outcomes of therapy dis-
continuation. Much remains unknown regarding 
the optimal dose-reduction strategy and the 
minimum effective dose of each agent. Addi-
tionally, understanding the qualities of a good 
candidate for TKI discontinuation remains a 
barrier. A similar project was conducted in VISN 
17. Five patients were counseled on TKI dis-
continuation; however, only 1 discontinued TKI 
therapy. Unfortunately, soon after discontinuing 
treatment, the patient had to restart therapy. 
Additional literature will enhance understanding 
of therapy discontinuation.

An unexpected finding of TKI discontinua-
tion trials has been a reversible phenomenon 
known as TKI withdrawal syndrome.9 It can 
occur regardless of the TKI used and results in 
pruritus and new or worsening musculoskele-
tal pain within several weeks of TKI discontinu-
ation in about 30% of patients. Symptoms may 
last several months and may require acetamin-
ophen or nonsteroidal anti-inflammatory drugs 
for pain control.9,10,14

The potential cost avoidance of $1.2 million is 
an underestimation because VA contracts allow 
for greater cost savings. However, that informa-
tion is confidential and therefore average whole-
sale price had to be used for this project. Most 
of the cost avoidance was due to 4 patients who 
could not tolerate imatinib and used nilotinib, 
which is more expensive. 

Limitations
The small sample size presented some limi-
tations. Of the 3819 oncology patients within 
VISN 21 in FY 2024, 186 received a TKI and 
only 15 were eligible for discontinuation. Addi-
tionally, challenges emerged when discussing 
discontinuation with community care clinicians 
and patients. Community care clinicians were 
difficult to contact, making it challenging to 
discuss the project with them. CPPs noted 
hesitancy among VA clinicians and patients to 

3633 �Patients excluded for 
not being treated with 
a TKI for CML

9 Patients excluded
   4 �Unstable molecular  

response
   5 �Prior TKI discontinuation 

trial

0 Discontinued TKI 15 Continued 

162 �Patients excluded  
therapy not ≥ 3 y

3819� VISN 21 eligible 
oncology patients

186 �Patients received 
TKI for CML 

24 Patients included

15 Patients included

FIGURE 1. Flow Diagram for Study Participants
Abbreviations: CML, chronic myeloid leukemia; TKI, tyrosine kinase inhibitor; 
VISN, Veterans Integrated Service Network. 

FIGURE 2. Potential average yearly wholesale cost avoidance 
for 15 patients at Veterans Integrated Services Network 21.
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discontinue a medication for which adherence 
was continually emphasized.

CONCLUSIONS
Discussions about CML TKI discontinuation led 
to collaboration with the oncology care team 
and could lead to significant cost avoidance. 
Barriers to TKI discontinuation included patients’ 
concern for relapse, risk of discontinuation 
syndrome, the requirement for close monitor-
ing, and clinician buy-in. Outcome studies are 
needed to gain a greater understanding of the 
benefits and risks of therapy discontinuation. In 
the future, evaluation of possible clinical and bi-
ological predictors of successful TKI discontinu-
ation may be beneficial.
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