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Abstract
Purpose To obtain insight into the feasibility of, and the patients’ perspective on, dried blood spot (DBS) self-sampling by
patients with chronic myeloid leukemia (CML) using nilotinib.
Methods Sixty-eight patients with CML using nilotinib participated in this multicenter observational study. Patients were asked
to perform blood sampling by means of the DBS method at home just before drug intake (trough level) and to complete a
questionnaire including demographics and five questions on their experience with DBS self-sampling.
Results Sixty-one patients (57.5 ± 15.0 years, 49% female) provided 178 DBS samples of which 137 (77%) proved useful in
clinical practice. Twenty percent of the samples were rejected because the spot size was too small for analysis. A further 3%were
taken at the wrong time. Unsuitable DBS samples were provided by 23 patients. Their educational level was significantly lower
than that of patients whose samples were all suitable (p = 0.041). Patients consideredDBS self-sampling easy and not painful, and
three quarters of the patients performedDBS samplingwithout additional assistance. Patients’ belief in the reliability of DBS self-
sampling was moderate to high. It was preferred over venous sampling by 37% of the patients, whereas 39% had no preference.
Conclusion DBS self-sampling by CML patients is feasible in clinical practice provided that patients, particularly those with a
lower educational level, are adequately instructed about sample collection with emphasis on timing and volume of sample
collection.
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Introduction

Therapeutic drugmonitoring (TDM) of plasma concentrations
is becoming increasingly important as a means to personalize
the dosing of anticancer drugs [1]. Indications for TDM

include (the prevention of) side effects, possible drug interac-
tions, suboptimal or delayed responses, treatment failure, and
suspected non-adherence [1, 2]. At present, area under the
concentration–time curves (AUC) or trough levels are mostly
assayed in serum or plasma obtained by venous blood sam-
pling [1, 3]. However, venous sampling for AUC measure-
ments requires patients to stay near, or return to, a lab where
blood can be drawn, whereas trough level assessment often
leads to a delay in drug intake which may complicate adher-
ence to a dosing schedule. Dried blood spot (DBS) sampling is
a convenient and validated alternative to venous blood sam-
pling, which increases flexibility in determining blood levels
as required for TDM [2]. After adequate training, patients
themselves may obtain DBS samples by pricking a finger with
an automatic lancet at the required time at home [2, 3].
Samples can be forwarded to the lab before a hospital visit
so that results can be discussed at the visit [3, 4]. These ad-
vantages have made DBS self-sampling increasingly popular
as a means to monitor a number of oral anticancer drug treat-
ments in daily practice [5–10].
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However, in spite of being convenient, patients can still be
hesitant about self-administering a finger prick [3]. Moreover,
DBS obtained by self-sampling may not have the required
quality. Mostly, this is the result of difficulties with the size
of the blood spot obtained, particularly in the case that the
finger prick produced an insufficient amount of blood [3].
Insight into the patient’s capability of DBS self-sampling from
the patients’ perspective is therefore essential before it can be
implemented in clinical practice. However, as yet little is
known about the feasibility of DBS self-sampling at home
[4, 11, 12].

In chronic myeloid leukemia (CML), a malignant myelo-
proliferative neoplasm treated with tyrosine kinase inhibitors
(TKIs) like imatinib, dasatinib, and nilotinib, TKI plasma con-
centrations have been related to the efficacy and toxicity of
TKI treatment [1, 13–17]. Consequently, the monitoring of
TKI plasma concentrations in CML patients has been recom-
mended [1, 15, 18, 19]. DBS self-sampling has been shown to
be a useful method of TKI blood testing in CML patients and
may facilitate the monitoring of TKI plasma concentrations [5,
7, 8]. To support its routine use, we examined the feasibility
of, and the patients’ perspective on, DBS self-sampling by
CML patients using nilotinib.

Methods

Study design and participants

The present study data were obtained when performing the
RAND study (Response and Adherence to Nilotinib in Daily
practice), a multicenter prospective observational study in six
Dutch hospitals conducted between August 2013 and April
2017 [20]. Patients (≥ 18 years) with chronic phase CML
using nilotinib were eligible for participation. Among other
measures, patients were asked to perform blood sampling by
means of DBS and to complete a questionnaire.

Blood sampling

Blood sampling was performed by the patients at home at
baseline (if already on treatment) and three time points during
nilotinib treatment. Prior to blood sampling, patients received
oral instructions by telephone from the investigator (CB) (i.e.,
warm hands to increase blood flow, prick firmly without hes-
itation, fill one of four premarked circles on the DBS paper,
check fullness of the sampling circle on both sides of the
paper). For each sampling time point, patients received a
package containing a DBS sampling paper (WhatmanTM,
FTATM DMPK-C [GE Healthcare], WB129243, VWR
International BV, Amsterdam, Netherlands), a 1.8-mm auto-
matic lancet device (BD Microtainer Contact-Activated
Lancet, Pink, BD Diagnostics, Breda, Netherlands), a zip-

closure plastic seal bag with a desiccant, a written sampling
instruction booklet, and a prepaid envelope.

In order to obtain the trough level (Cmin) at the sampling
time point, patients were instructed to take the DBS sample
just before taking nilotinib. The time of blood sampling, time
of last nilotinib intake and weight were recorded by patients in
a diary. Cmin samples were defined as those taken between 8
and 16 h after the prior dose. Patients were instructed to allow
the sampling paper to dry for at least 2 h at room temperature
before placing the DBS paper in the seal bag and send it to the
laboratory by regular mail service. On arrival, DBS samples
were visually inspected on fullness of the sampling circle and
presence of a dark-red color on both sides of the paper. The
samples were stored at 4 °C until analysis by means of a
previously published nilotinib assay method [5].

Questionnaire

Patients completed a questionnaire including five questions
(self-composed by the investigators) on their experience with
DBS self-sampling and questions on demographics. Three
items (i.e., BHow much pain do you experience from the fin-
ger prick^ [pain], BHow difficult do you find performing
blood sampling via the finger prick?^ [difficulty], BHow reli-
able do you think blood sampling via the finger prick is?^
[reliability]) were scored on a continuous linear scale from
zero to 10. Higher scores indicate more pain, more difficulty,
and a stronger belief in the reliability of DBS self-sampling,
respectively. Patients were asked whether they needed help to
perform blood sampling via the finger prick (1 = no, I did it
alone, 2 = yes, I needed help). The final question concerned
the patient’s preference for the method of blood sampling (1 =
venepuncture (plasma sample), 2 = finger prick (DBS), 3 = no
preference). Demographics included date of birth, gender, lev-
el of education, living status, and work status. Level of edu-
cation was assessed as the highest level completed, and di-
chotomized into lower education (secondary vocational edu-
cation or below) and higher education. Living status was cat-
egorized as living alone or not living alone and work status as
having paid work or not.

Data analyses

Data were analyzed using SPSS version 22 for Windows
(IBM Corp, Armonk, NY, USA). Logistic regression analyses
were used to determine differences (in age, gender, education,
living alone, work status, patient’s perception of pain,
difficulty, and reliability of DBS self-sampling, and preference
for sampling method) between patients who failed to provide
at least one usable DBS sample and patients whose samples
were all suitable for analysis. The non-parametric Mann–
Whitney test was used to determine differences in the patients’
perception of pain, difficulty, and reliability of DBS sampling
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between the patients who did, and did not, need help
performing DBS sampling. A two-sided p value of ≤ 0.05
was considered statistically significant.

Results

Patient characteristics

A total of 68 patients (mean age 57.5 ± 15.0 years, 49% fe-
male) were included. Five (7.4%), two (2.9%), and eight
(5.9%) patients dropped out before the first, second, and third
time point, respectively. Dropout reasons were treatment dis-
continuation due to side effects (n = 6), disease progression
(n = 4), entering treatment free remission (n = 4), or death
(n = 1). Patient characteristics are shown in Table 1.

Nilotinib DBS samples

Sixty-one (90%) patients provided at least one DBS sample.
Seven patients did not provide a sample as the result of study
dropout (n = 5) and nonresponse (n = 2). A total of 178 sam-
ples were collected, of which 143 (80%) were suitable for
analysis. Of these samples six had been obtained within 8 h
of nilotinib intake (i.e., 0.2–7.8 h) and therefore were excluded
as Cmin. In total, 137 (77%) samples were useful in clinical
practice (note, the Cmin results are published separately as part
of the RAND study).

Thirty-five samples, provided by 23 different patients, were
unsuitable because of incomplete (< 5.5-mm) filling of the
predrawn spot circle. Of these patients, 11 did not successfully
take the first DBS sample and 12 patients failed to provide a
suitable subsequent sample. As compared to patients whose
samples were all suitable, these 23 patients were more often

lower educated (87% vs. 61%, OR 4.2, 95%CI 1.1–17.0, p =
0.041). No relationship with other characteristics was found.

Patients’ perspective on DBS self-sampling

Fifty-five (90%) patients completed the questionnaire at the
second time point. The median (IQR) scores of the three scale
items were 1 (0–3), 1 (0–5), and 7.5 (5–8) for the perception of
pain, difficulty, and reliability, respectively (Table 2). A quar-
ter of the patients (27%) needed help in performing DBS
sampling. The median score of the difficulty scale for these
patients (4/10) was higher compared to patients who per-
formed DBS sampling alone (1/10), although this was not
statistically significant (p = 0.083).With regard to the patients’
preference for blood sampling, 37% of the patients preferred
the finger prick (DBS), 24% preferred venepuncture (plasma
sample), and 39% indicated to have no preference. The num-
ber of patients preferring DBS self-sampling over venous
sampling was higher in patients whose samples were all suit-
able (44% preferring DBS vs. 18% preferring venepuncture)
as compared to patients who failed to provide a usable DBS
sample (26% vs. 32%, resp.). This finding, however, was not
statistically significant (p = 0.156).

Discussion

The present study aimed to obtain insights into the feasibility
of, and patients’ perspective on, DBS self-sampling by CML
patients using nilotinib. Although the majority of the DBS
samples were of clinical value, one fifth of the samples did
not fulfill the quality criteria for a reliable analysis of the
nilotinib blood level. Interestingly, patients who provided these
samples were more often lower educated than patients whose
samples were all suitable. A further 3% of the DBS samples
were not useful because they did not represent a trough blood
level. Most patients considered DBS self-sampling easy and
not painful, and three quarters of the patients performed DBS
sampling without additional assistance. Patients’ belief in the
reliability of DBS self-sampling was moderate to high, and
most patients either preferred this method over venous sam-
pling (37%) or had no preferred method (39%).

Data on DBS self-sampling are limited to the results of two
studies performed in the Netherlands [4, 11] and a study per-
formed in Germany [12]. In these studies, the vast majority of
the samples (83–88%) were suitable for analysis. These results
are better than those of our study in CMLpatients, in which only
77% of the samples were suitable for analysis. However, in all
studies including the present study, the main reason for rejecting
samples for analysis was the spot size being too small [4, 11,
12]. Obtaining samples with the right spot size is therefore an
important point of action to be addressed before DBS self-
sampling can be implemented in clinical practice. In our study,

Table 1 Baseline characteristics (N = 68)

Age, range, mean ± SD (years) 24–87, 57.5 ± 15.0

Female gender, n (%) 33 (48.5%)

Secondary vocational education or below, n (%) 49 (72.1%)

Living alone, n (%) 9 (13.2%)

Employed, n (%) 30 (44.1%)

Time sinceCMLdiagnosis, range,mean ±SD (months) 7–268, 78 ± 56a

Duration of nilotinib treatment, range, mean ± SD
(months)

3–92, 38 ± 20b

Dose, n (%) 300 mg BID 49 (72.1%)

400 mg BID 9 (13.2%)

150 mg BID 5 (7.4%)

300 mg QD 2 (2.9%)

400 mg QD 3 (4.4%)

BID twice daily, QD once daily, SD standard deviation
a Patients not newly diagnosed (n = 48)
b Patients on nilotinib treatment at study entry (n = 39)
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we used an 8-mm spot size for completely filled spots and 5.5-
mm standard for smaller spot sizes, as only hole punchers with
these sizes were available. Unfortunately, we have been unable
to assess the minimal spot size (i.e., quantity of blood) needed
for a reliable assay of the nilotinib blood level [5]. Therefore, it
may be worthwhile to further explore the correlation between
DBS size and plasma/serum TKI concentrations.

The possibility to use small spots, however, may not nec-
essarily result in a higher rate of suitable DBS samples [4, 11,
12, 21]. The sampling instruction is also an important factor in
obtaining suitable DBS samples. In the present study, patients
were given oral instructions by telephone as well as a written
instruction booklet, whereas in other studies a short training
session to practice sample collection was provided [4, 11, 12,
21]. Interestingly, in the present study, the education level of
the patients was found to be associated with their ability to
deliver a suitable DBS sample as lower educated patients
more often delivered samples that were unsuitable for analy-
sis. This suggests that the DBS sampling instruction used in
the present study had been inadequate, particularly in patients
with a lower education level. Clearly, sampling instructions
should be tailored to the educational level of patients while the
necessity of completely filling the spot should be emphasized.
A training in practice or as a possible alternative, a video
instruction, is likely to provide better results.

In the present study, the percentage of patients preferring
DBS self-sampling over venous sampling (37% vs. 24%) was
lower than in other studies in which 51–61% of the patients
preferred DBS self-sampling over venous sampling (9–11%)
[4, 11, 12]. The lower rate of suitable DBS samples obtained
in the present study might relate to this difference as the pref-
erence of patients who had difficulty with DBS self-sampling
and might have delivered unsuitable samples may have dif-
fered from that of patients who had experienced less difficulty
with DBS self-sampling. Indeed, the preference for DBS self-
sampling over venous sampling was somewhat higher in pa-
tients whose samples were all suitable as compared to patients
who failed to provide a usable DBS sample.

A limitation of this study is the DBS self-sampling instruc-
tion which may have been inadequate, particularly in patients
with a lower education level. This appears to have influenced
the number of suitable samples delivered and the preference of
patients for blood sampling methods. Selection bias may have
occurred, because the present study data were obtained when
performing the RAND study [20]. Patients’ perspectives on
DBS self-sampling might have been affected by their partici-
pation in the RAND study.

In conclusion, DBS self-sampling by CML patients appears
feasible in clinical practice provided that patients, particularly
those with a lower education level, are adequately instructed
about sample collection. Sampling instructions should be clear
and straightforward, emphasize timing and volume of sample
collection, and preferably completed with training in practice.
In order to increase DBS sample suitability, it is worthwhile to
explore the usefulness of smaller spot sizes.
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Table 2 Patients’ perspective on
DBS self-sampling (n = 55) Range Median (IQR)

How much pain do you experience from the finger prick? (0–10) 0–9 1 (0–3)

How difficult do you find performing blood sampling via the finger prick? (0–10) 0–10 1 (0–5)

How reliable do you think blood sampling via the finger prick is? (0–10) 4–10 7.5 (5–8)

Did you need help to perform blood sampling via the finger prick?

No, I did it alone 73%

Yes, I needed help 27%

Which type of blood sampling do you prefer?

Venepuncture (plasma sample) 24%

Finger prick (DBS) 37%

No preferred method 39%

DBS dried blood spot, IQR interquartile range
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