
Aim of the study: The majority of pa-
tients with chronic myeloid leukaemia 
(CML) respond to tyrosine kinase in-
hibitors (TKI), while allogeneic haema-
topoietic cell transplantation (HCT) is 
indicated in selected clinical situations. 
HCT carries the risk of severe compli-
cations, while the toxicity profile of 
dasatinib and nilotinib may lead to 
adverse reactions affecting the quality 
of life (QoL). We present the results of 
observational analysis of CML patients 
who underwent HCT after exposure to 
second-generation TKI (TKI2), with re-
spect to their quality of life assessed 
comparatively after transplantation.
Material and methods: Eligible sub-
jects included 19 patients. The quality 
of life and global health assessment 
were performed with a questionnaire 
comparing the signs and symptoms 
present during the TKI2-therapy with 
those related to post-transplant com-
plications, including psychosocial prob-
lems.
Results and conclusions: Most pa-
tients had no/few problems with ex-
hausting activities, no/few difficulties 
during long-distance walks, and do 
not/rarely rest in the daytime. Seven-
teen (89.5%) patients reported at least 
one symptom related to TKI2-therapy 
and most of them disappeared after 
HCT. Thirteen (68.4%) patients noted 
no serious complication after HCT. 
Most patients claimed to have a very 
good QoL and general health com-
pared to the period prior to HCT. We 
found statistically significant improve-
ment in global health (p = 0.016) and 
QoL (p = 0.043) after HCT.
From the survivors perspective, HCT 
influence positively general health 
and QoL comparing to TKI2-therapy 
period. Further studies on larger group 
of patients will more precisely define 
the QoL level and possible predictors 
of changes in QoL, to assess which 
group of patients needs psychological 
support.
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Introduction

Prior to the era of tyrosine kinase inhibitors (TKI), allogeneic haemato-
poietic cell transplantation (HCT) was the standard curative therapy for 
patients with chronic phase (CP) chronic myeloid leukaemia (CML). For 
more than a decade, the majority of CML patients have responded to oral 
targeted therapy, while HCT is indicated in well-defined clinical situations: 
advanced phase at diagnosis (accelerated phase – AcP; blast phase/crisis 
– BP) or resistance to imatinib or second-generation TKI (TKI2), e.g. da-
satinib, nilotinib [1]. An HCT procedure, giving the hope for long-lasting 
remission, carries the risk of even fatal complications, while the toxicity 
profile of both dasatinib and nilotinib may lead to various adverse reac-
tions, affecting the quality of life (QoL) [2–4]. Moreover, prolonged therapy 
with TKI2 may influence post-transplant complications e.g. development 
of hepatic veno-occlusive disease (VOD), cardiac toxicity, immune dys-
functions, delayed engraftment, or graft versus host disease (GvHD). The 
long-term outcome of TKI2-resistant patients remains the issue of their 
concerns. Potential selection of more aggressive clones may increase the 
risk of post-HCT relapse and requirement for additional post-transplant 
therapy [5–8]. Other problems that patients face are caused by the late 
toxicity of HCT and GvHD-related complications, significantly affecting 
their quality of life [9].

In this study we present the results of observational analysis of CML 
patients who underwent HCT after exposure to TKI2, as the second-line 
therapy, with respect to their quality of life assessed comparatively after 
transplantation.

Material and methods

Patients 

Eligible subjects were patients with CML, who underwent HCT after 
pre-treatment with imatinib mesylate and one or more TKI2 in two trans-
plant centres, between February 2008 and November 2013. The therapy 
with TKI2 was discontinued at least two days prior to the conditioning 
regimen.

The study was approved by the Bioethical Committee of the Medical 
University of Gdansk and was conducted in accordance with the Declara-
tion of Helsinki. 
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Definitions

Chronic, accelerated, and blast phases of CML were di-
agnosed according to ELN criteria [1]. Molecular monitor-
ing was performed according to the ELN guidelines with 
the RQ-PCR method [10–12]. Deep molecular response 
MR4.5 was defined as a 4.5-log reduction from the baseline  
(≤ 0.0032% BCR-ABL [IS]) or a disease undetectable in 
cDNA with the amount of the transcript ABL ≥ 32.000. Deep 
MR4.0 was defined as a 4-log reduction from the baseline 
(≤ 0.01% BCR-ABL [IS]) or a disease that was undetectable 
in cDNA with the amount of the transcript ABL ≥ 10.000. 
Major molecular response (MMR) was determined when 
there was a 3-log reduction from the baseline (≤ 0.1% BCR-
ABL [IS]). 

Progression/relapse of CML after HCT was diagnosed 
with the hematologic, cytogenetic or molecular evidence 
of the disease that required any additional CML-related 
therapy after HCT (e.g. TKI re-administration and/or donor 
lymphocyte infusion [DLI]).

Acute graft versus host disease (GvHD) was diagnosed 
according to IBMTR criteria [13, 14]. The diagnosis of chron-
ic GvHD was based on NIH consensus criteria [15].

Hepatic VOD was diagnosed with modified Seattle cri-
teria [16].

Quality of life assessment

The quality of life and subjective global health assess-
ment was performed with the use of a questionnaire 
based on the standard quality of life scale [17]. Patients 
were reviewed not earlier than 100 days after HCT. The 
questionnaire was composed to compare the signs and 
symptoms present during the TKI2 therapy with those re-
lated to post-transplant complications. Patients filled in 
the questionnaire during their routine control visits in the 
transplant out-patient.

The first five questions concentrated on everyday ac-
tivities (carrying things, long and short walks, time spent 
in bed in daytime, help required in self-service). Patients 
could choose and sign on the scale one of four possible 
answers. 

The next part was in the form of a table with listed com-
plaints and side effects (e.g. short breath, pain, insomnia, 
fatigue, weakness, lack of appetite, nausea, vomiting, di-
arrhoea, worries and fear, sadness, and limits in the every-
day and social life) experienced during the TKI2 therapy 
and subsequently (after HCT). The possible answers were 
“yes” or “no” for every complaint. 

The last part was the patient’s estimation (in the form 
of a scale grading from 1 to 8) of their subjective global 
health and QoL during TKI2 therapy and subsequently.

Statistical analysis

Differences in mean values between group compari-
sons were analysed with the Mann-Whitney U test. Data 
obtained from the questionnaires were presented compar-
atively with the use of descriptive statistics. Differences in 
the assessment of global health and QoL were calculated 
with Pearson chi-square test. P-values < 0.05 were consid-

ered statistically significant. Calculations were performed 
using Stata 13.1 statistical software (StataCorp, TX, USA).

Results

We prospectively analysed the data of 19 patients treat-
ed with the second-generation TKI (dasatinib, nilotinib,  
or both in sequence) before HCT, who survived at least  
100 days after transplantation. Their characteristics are 
presented in Table 1. The last update of collected data was 
done in February 2014.

Response to treatment and post-transplant 
complications 

Seventeen patients achieved MR4.5 or MR4.0 at a medi-
an time of 1.8 months after HCT, and this response was 
maintained in 13 patients. Two patients achieved MMR, 
as the best molecular response, at a median time of  
1.1 months after HCT. Relapse incidence after HCT in the re-
viewed group was 21%. Altogether, one haematological re-
lapse and three molecular relapses were diagnosed. Three 

Table 1. Patient characteristics

Sex, no. (%)
Male
Female

9 (48)
10 (52)

Median age at HCT (range) 51 (29–68)

Median age at QoL assessment (range) 53 (31–70)

Second-generation TKI (TKI2), no. (%)
Dasatinib
Nilotinib
Both

9 (48)
5 (26)
5 (26)

Disease phase at diagnosis, no. (%)
Chronic phase
Accelerated phase
Blast phase (crisis)

16 (85)
2 (10)
1 (5)

Disease phase at TKI2 treatment, no. (%)
Chronic phase
Accelerated phase
Blast phase (crisis)

16 (85)
2 (10)
1 (5)

Disease phase prior to HCT, no. (%)
Chronic phase (CP)
Accelerated phase or higher CP
Blast phase (crisis)

13 (68)
6 (32)
0 (0)

TKI2 therapy duration prior to HCT, no. (%)
Median (range)
> 12 months
≤ 12 months

18 (2–60)
12 (63)
7 (37)

Donor type, no. (%)
HLA-identical sibling
Matched unrelated

6 (32)
13 (68)

Conditioning regimen, no. (%)
MAC (BuCy; TBICy)
RIC (FluMel; FluBu; MelTreoFlu)

7 (37)
12 (63)

Graft type, no. (%)
PBSC
BM

16 (84)
3 (16)

HCT – haematopoietic cell transplantation; TKI2 – second-generation tyrosine 
kinase inhibitors; MAC – myeloablative conditioning; RIC – reduced-intensity 
conditioning; PBSC – peripheral blood stem cells; BM – bone marrow
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patients received DLI due to molecular relapses and one 
due to haematological relapse (combined treatment with 
DLI and dasatinib). All of them remain in deep MR until the 
time of writing.

Mild or moderate VOD was diagnosed in three (16%) 
patients from the analysed group, with complete recov-
ery. Acute GvHD (grade 1–2) was observed in two (10%) 
patients. In all reviewed patients the timed elapsed from 
HCT and the presented symptoms enabled us to assess 
the chronic GvHD incidence and severity. It was diagnosed 
in nine (47%) cases, including one person with cGvHD pro-
moted by DLI. Five patients were assessed as mild cGvHD 
and three patients as moderate cGvHD.

Quality of life

Assessment of current situation

Sixteen (84.2%) patients had no or few problems with 
exhausting everyday activities. Only three of them experi-
ence moderate problems. Fifteen (78.9%) patients have no 
or few difficulties during long-distance walks, while only 
four of them claimed to have moderate difficulties. Shorts 
walks caused no or just a few problems in all of the ques-
tioned subjects. Sixteen (84.2%) patients did not or rarely 
needed to rest in bed during the daytime. Three of them 
sometimes needed to rest in bed during the day. None of 
the questioned needed help when eating, dressing, wash-
ing, or using the toilet.

Assessment of TKI2 toxicity and HCT-related 
complications

Seventeen (89.5%) patients reported at least one symp-
tom related to TKI2 therapy. Most of the symptoms pres-
ent during TKI2 therapy disappeared after HCT including 
weakness, lack of appetite, nausea, vomiting, pain, wor-
ries, fear, and weakness. 

Thirteen (68.4%) patients noted no serious complica-
tion after HCT. Two patients reported occurrence of diar-
rhoea (10.5%), one reported weakness (5.2%), and two re-
ported a little pain (10.5%) and/or problems with sleeping 
(10.5%). Two patients experience some limits in everyday 
and social life at the time of writing.

Assessment of general health and QoL

Most patients claimed to have a very good QoL and gen-
eral health compared to the time prior to HCT. The detailed 
results of the questionnaire are presented in Table 2 and 
Table 3. The differences in the assessment of global health  

(p = 0.016) and quality of life (p = 0.043) during TKI2 
therapy and after HCT are both statistically significant. 
Moreover, 15 (78.9%) patients noted at least one grade im-
provement in their general health and QoL and only two 
(10.5%) patients reported one grade worsening in their 
global health and QoL after HCT.

 
Discussion

Therapy with tyrosine kinase inhibitors has been 
a standard care for patients with CML for more than a de-
cade. Since the majority of patients respond to the therapy 
and achieve long-lasting deep MR, the group of patients 
allotransplanted with CML diagnosis is currently limited. 
In our study we analysed the survivors of HCT procedure, 
with the follow-up long enough to assess the influence of 
the most important complications of HCT on QoL. Due to 
this “preselection”, the results concerning the incidence 
of hepatic VOD and GvHD should not be compared to the 
whole population of CML patients who undergo HCT. All 
these data are presented to create the clinical background 
for QoL analysis.

CML patients require continuous treatment, necessary 
to control the malignant disease but also related to many 
adverse reactions that were listed as possible complaints 
in the questionnaire. The most common adverse reactions 
of nilotinib include headache, weakness, skin changes, 
pruritus, nausea, vomiting, diarrhoea, symptoms second-
ary to cytopaenias (anaemia, thrombocytopaenia, neu-
tropaenia), abnormalities in electrocardiography (ECG), 
increase of liver enzymes, and lipase in serum. A nilotinib 
daily dose ranges from 600 mg to 800 mg given twice daily 
on an empty stomach one hour before the meal or two 
hours after the meal. The list of most serious adverse reac-
tions of dasatinib includes drug-related fluid retention (su-
perficial oedema, pleural effusion), headache, weakness, 
skin changes, nausea, vomiting, diarrhoea, consequences 
of cytopaenia, and muscular and joint pain. A dasatinib 
daily dose ranges from 50 mg to 140 mg with no meal-as-
sociated scheduling. As dasatinib and nilotinib tablets 
contain lactose, patients with lactose intolerance may ex-
perience adverse symptoms from the GI tract. Patients are 
aware that they must tolerate all of the “inconveniences” 
of TKI2 therapy for many years, probably until the end of 
their life, and this fact can be frustrating for some of them. 
Furthermore, there is no guarantee of long-lasting remis-
sion, especially in the case of more advanced phase of the 
disease at diagnosis. 

Table 2. General health assessment

Score on the scale 
(1–8)

During TKI2 
therapy no. (%)

After HCT no. (%)

1–2 score 0 (0) 0 (0)

3–4 score 6 (31.6) 1 (5.2)

5–6 score 11 (57.9) 9 (47.4)

7–8 score 2 (10.5) 9 (47.4)

Table 3. Quality of life assessment

Score on the scale 
(1–8)

During TKI2 
therapy no. (%)

After HCT no. (%)

1–2 score 0 (0 ) 0 (0)

3–4 score 3 (15.9) 2 (10.5)

5–6 score 14 (73.7) 8 (42.1)

7–8 score 2 (10.5) 9 (47.4)
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The patients reviewed in our study faced and survived 
a life-threatening procedure of allogeneic haematopoietic 
cell transplantation that must have had a certain impact 
on their physical and psychological condition. After HCT, 
they also experience the fear of a possible relapse and 
consequences of HCT-related complications, e.g. acute and 
chronic GvHD or recurrent infections. On the other hand, 
they know that immunosuppressive and anti-infectious 
therapy is used temporally and most patients do not re-
quire any treatment one year after HCT. The limited time 
of post-transplant treatment increases the patients’ sense 
of “being healthy” or even cured from leukaemia. That is 
why the questionnaire was created to assess the current 
physical condition, and then it enabled a comparison with 
certain problems before HCT (during TKI2 therapy) and af-
ter HCT (subsequently). The results of the study showed 
that HCT procedure, from the survivors’ perspective, pos-
itively influenced not only their general health, but also 
their evaluation of QoL.

We conclude that, in the view of the curative potential 
of HCT procedure and non-inferior QoL, HCT is the optimal 
option for CML patients with defined indications. In con-
trast to adverse reactions of TKI2-therapy, transplant-re-
lated complications are usually not permanent, and, there-
fore, acceptable for the patients. The presented results 
show some directions in the level of QoL but, nonetheless, 
further observation of more numerous samples is required 
to assess the individual influence of nilotinib and dasati-
nib on the transplant-related toxicity, HCT outcome, and 
QoL. Moreover, studies on larger groups of patients will 
more precisely define the level of QoL, as well as possible 
predictors of changes in QoL, to identify those who need 
psychological support.

The authors declare no conflict of interest.
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