
Abstract. Background/Aim: If blood tests were performed
at home, unnecessary trips of patients for chemotherapy
could be avoided. The HemoCue® WBC DIFF device was
tested at home by 14 patients with breast cancer. Materials
and Methods: A total of 42 measurements of white blood cell
(WBC) and neutrophil counts with the device at home were
compared to laboratory measurements performed within 3
hours. Bland–Altman plots were created for limits of
agreement that should be less than 1.0×109/l for WBC and
0.5×109/l for neutrophils to indicate a similar grade of
intensity. Results: Limits of agreement were −1.61×109/l and
+2.34×109/l for WBC and −1.15×109/l and +1.39×109/l for
neutrophils. All patients considered the device advantageous,
particularly because they did not have to travel or wait for
results. Most patients experienced problems with the lancet
when taking blood samples. Conclusion: Disagreement of
WBC and neutrophil counts between methods appeared
clinically relevant. Findings need to be verified in a larger
cohort, including the use of a different type of lancet.

In 2012, approximately 14.1 million people were diagnosed
with cancer, and 8.2 million died from this disease (1). Many
of these patients required systemic treatment, mainly

chemotherapy. The treatment of patients with cancer is
generally performed at specialized centers. This offers the
patients the best available treatment. However, many patients
live in smaller towns or the countryside and have to travel
far to receive treatment at a specialized center. 

One major side-effect of chemotherapy is bone marrow
toxicity, resulting in leukopenia and neutropenia, that may
not allow for administration of the planned treatment. In
such a situation, the patients would have travelled a long
distance, which may have taken up to several hours, in vain.
For these patients, it would be of great value if they were
able to measure their white blood cell (WBC) and neutrophil
counts themselves at home before setting off for their
scheduled chemotherapy session. A new device called
HemoCue® WBC DIFF (Radiometer Medical ApS,
Brønshøj, Denmark), which has been developed and 
CE-marked for the use by healthcare professionals, may be
an option to help such patients. In a few studies, this point-
of-care solution was found acceptably reliable and
reproducible with a good correlation of up to >0.99 for the
measurement of WBC and neutrophil counts when compared
to standard methods (2-4). In another study comparing the
HemoCue® WBC DIFF to venous samples analyzed at a
laboratory, the correlation was less favorable for both WBC
(r=0.77) and neutrophils (r=0.82) (5). Thus, more studies are
required to evaluate further the potential value of this device
during clinical routine. Currently, there is a lack of data
regarding its usability for patients with cancer, particularly
if the device is used by the patients themselves at home. 

The present study compared the WBC and neutrophil
counts measured at a university hospital laboratory to those
measured with HemoCue WBC DIFF® at home by patients
with breast cancer assigned to receive chemotherapy for non-
metastatic disease. 
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Materials and Methods

Criteria for inclusion in this prospective study were non-metastatic
breast cancer, assignment to chemotherapy, age of 18 years or older
and written informed consent. Measurements were regarded
evaluable for analyses when the time interval between the
measurement of WBC and neutrophils counts at home and the
measurement at the laboratory was less than 180 minutes. The study,
which planned to perform 165 paired measurements in 33 patients,
was approved by the local Ethics Committee (University Hospital
Zealand, Naestved, Denmark). To date, 46 measurements for 14
patients have been analyzed. All patients received post-operative
chemotherapy with three cycles of epirubicin (90 mg/m2) and
cyclophosphamide (600 mg/m2) given every 3 weeks, followed by
nine weekly cycles of paclitaxel (80 mg/m2). 

The HemoCue® WBC DIFF represents a point-of-care solution
based on cell counting using a micro-cuvette requiring a small
volume of only 10 μl of blood. The blood samples were taken by
the patients from the fingertip using a sterile lancet (Vitrex
Sterilance Press II; Vitrex Medical A/S, Herlev, Denmark). The first
two drops of blood were not used for the measurements. The blood
samples were drawn into the cavity of the micro-cuvette by
capillary force. A cell-lysing agent hemolyzed the red blood cells
and a staining agent stained the WBCs. The micro-cuvette was then
placed in the analyzer and the number of WBCs was counted by
image analysis. The HemoCue® WBC DIFF showed an error code
if there was not enough blood in the cuvette. The measurements of
WBC and neutrophil counts at the laboratory of the University
Hospital in Naestved were performed with Sysmex XE-5000 and
Sysmex DI-60 analyzers (Sysmex Corporation, Kobe, Japan). The
repeatability coefficients of these analyzers were 0.06 for both WBC
and neutrophil counts. 

Initially, mean differences of the WBC and neutrophil counts
between the measurements at the laboratory and with the
HemoCue® WBC DIFF and the corresponding standard deviations
were calculated. Based on these data, Bland–Altman plots were
created for both WBC and neutrophil counts to calculate the limits
of agreement and, additionally, identify a possible trend (increase
or decrease of the difference between the methods with increasing
mean difference) and inconsistency of the variability (increase in
scattering with increasing mean difference) (6-8). For the Bland–
Altman plots, the mean value of both methods ([laboratory counts
+ HemoCue® counts]/2; x-axis) and the difference between both
methods (laboratory counts − HemoCue® counts; y-axis) were
calculated for each pair of measurements. In the plot, a point cloud
of all 42 measurements was displayed. The limits of agreement are
given by the average differences between the methods ±1.96 times
the standard deviation of the differences. In addition, the coefficient
of correlation was determined to compare the findings of the present
study to the data from literature.  

The latest version of the Common Terminology Criteria for
Adverse Events (CTCAE), versions 5.0, was published in 2017 (9).
The grading of leukopenia and neutropenia according to CTCAE is
important when making the decision whether chemotherapy can be
safely administered or would be too dangerous for the patient.
According to CTCAE, WBC of <3.0×109/l, <2.0×109/l and
<1.0×109/l are defined as grade 2 (moderate), grade 3 (severe) and
grade 4 (life-threatening) toxicity, respectively. Neutrophil counts
of <1.5×109/l, <1.0×109/l and <0.5×109/l are defined as grade 2,
grade 3 and grade 4 toxicity, respectively. Steps between the

different toxicity grades are 1.0×109/l for leukopenia and 0.5×109/l
for neutropenia. Therefore, 

HemoCue® WBC DIFF and laboratory were considered
appropriately comparable for clinical purposes when the limits of
agreement were within ±1.0×109/l and for leukopenia and
±0.5×109/l for neutropenia.

In addition, interviews were performed with all 14 patients.
Before using the HemoCue® WBC DIFF, the patients and some of
their closest relatives received an introduction and intensive training
regarding the operation of this device. Furthermore, the patients had
the option of contacting a specific telephone hotline if they had
questions regarding the device and its operation. During the
interviews, patients were asked about their experience with the
HemoCue® WBC DIFF, including advantages/disadvantages, the
role of their relatives, the value of introduction and training, and the
use of the telephone hotline (see Table I).

Results 

A total of 46 measurements of WBC and neutrophil counts
were performed with the HemoCue® WBC DIFF by 14
patients (median age=57 years, range=32-72 years) at their
homes and compared to 46 measurements for the same
patients at the laboratory of the University Hospital Zealand
in Naestved resulting in 46 measurement-pairs. The interval
between paired measurements was less than 180 minutes for
42 measurements (median=69 minutes, range=7-158
minutes), which therefore qualified for the analyses. For
these 42 paired measurements, the median number of paired
measurements per patient was 3 (range=1-6). In the 11
patients with more than one paired measurement, the median
time between two paired measurements per patient was 3
weeks (range=0.5-6.5 weeks). Per patient, the median
maximum difference in WBC counts was 2.1×109/l
(range=0.1-6.4×109/l) for the counts from the laboratory and
1.6×109/l (range=0.9-3.7×109/l) for the counts from the
HemoCue® WBC DIFF at the patients’ homes. The median
maximum difference in the neutrophil counts was 1.4×109/l
(range 0.1-4.6×109/l) for those obtained at the laboratory and
1.3×109/l (range 0.5-3.4×109/l) for those obtained with the
HemoCue® WBC DIFF. Considering the relatively long
median interval between two paired measurements per
patient and the median maximum difference between the cell
counts per patient, which was greater than 1.0×109/l for
WBC and greater than 0.5×109/l for neutrophils, the different
paired measurements of each patient were considered
independent.

The mean WBC count for the 42 measurements performed
at the laboratory was 4.65×109/l (Table II). Regarding the
WBC counts, the mean difference between the two methods
was 0.36×109/l, and the standard deviation of differences
was 1.01×109/l. These data resulted in limits of agreement
were −1.61×109/l and +2.34×109/l (Figure 1), while the
correlation was 0.86. Three of the 42 measurement-pairs
(7.1%) were outside the limits of agreement. In the plot, a
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significant trend and inconsistency of the variability across
the plot were not observed.

The mean neutrophil count for the 42 measurements
performed at the laboratory was 2.32×109/l (Table II).
Regarding the neutrophil counts, the mean difference
between the two methods was 0.12×109/l, and the standard
deviation of differences was 0.65×109/l, resulting in limits
of agreement of −1.15×109/l and +1.39×109/l (Figure 2),
while the correlation was 0.87. Two measurement pairs
(4.8%) were outside the limits of agreement. A significant
trend and inconsistency of the variability were not observed. 

All 14 patients agreed to participate in the interviews,
which were performed by professional staff members from
the Design School Kolding and the Zealand University
Hospital in Naestved. Twelve patients did the tests with the
HemoCue® WBC DIFF themselves, and two patients were
supported by their husbands. All patients were very positive
about the instruction sheet provided with the device, which
they found easy to understand. A few patients would have
liked more thorough instruction and training regarding the
use of the lancet, and one patient a better explanation of
numbers and meaning of the normal values for WBC and
neutrophils. Several patients called the telephone hotline
once. When using the HemoCue® WBC DIFF, almost all
patients experienced some problems with the lancet, which
did not function properly when taking the blood samples. An
error code occurred during the measurements for four
patients. One patient felt stressed when the device showed
an error code, and one patient did not feel completely safe
because of using a new device. When asked about
advantages and disadvantages of the HemoCue® WBC DIFF,
all patients considered its use at home a great advantage
when compared to the laboratory tests. Performing the
measurements at home saved a lot of time, as the patients
did not have to travel to the laboratory or to chemotherapy
appointments if their counts were insufficient. Furthermore,
some patients felt very positive about the fact that when
using the HemoCue® WBC DIFF they received their results
immediately. None of the patients saw any relevant
disadvantages of the device. One patient mentioned that it
required a lot of space, and some patients were a bit worried

because the counts of both methods did not match as they
had expected. 

Discussion

A considerable number of patients with non-metastatic breast
cancer require several cycles of chemotherapy that often
causes bone marrow toxicity, including leukopenia and
neutropenia (10-13). When leukopenia and neutropenia
become more severe, continuation of the chemotherapy
protocol may not be possible; chemotherapy may have to be
postponed or even discontinued. Occasionally, patients have
to travel a long distance to reach the center where
chemotherapy is administered. Often WBC and neutrophil
counts are measured only after the patient arrives at the
center. In the case of significant leukopenia and neutropenia,
the patient is sent home without chemotherapy after
prolonged travel (10-13). In order to avoid this
dissatisfactory situation, it would be helpful to be able to
measure WBC and neutrophil counts at the patients’ homes.
This may be possible with a comparably new device, a point-
of-care solution named HemoCue® WBC DIFF, which can
measure both WBCs and neutrophils (2-5). Since it was
developed to be used by healthcare professionals, there is a
lack of data regarding the usability of this device at the
homes of patients with cancer. 

In the present study, we compared the leukocyte and
neutrophil counts measured at the patients’ homes with the
HemoCue® WBC DIFF to the counts obtained from the

Lohman et al: White Blood Cell and Neutrophil Counts Measured with a New Device

1285

Table I. Questions of the interviews performed with the patients after using the HemoCue® WBC DIFF device.

1.     How well did you manage using the HemoCue® WBC DIFF at home?
2.     What was the role of your relatives?
3.     How was your experience regarding the introduction to the HemoCue® WBC DIFF and the training about using the device?
4.     Have you used or needed the hotline?
5.     What was your experience using the HemoCue® WBC DIFF at your own home? 
6.     Which advantages and disadvantages did you experience with taking a blood test yourself at your own home?

Table II. Mean values and ranges of white blood cell and neutrophil
counts obtained from the HemoCue® WBC DIFF and the laboratory.

Cell type                               HemoCue® WBC DIFF          Laboratory
                                                      Mean (range)                 Mean (range)

White blood cells, ×109/l            4.28 (1.7-12.7)              4.65 (1.9-11.0)
Neutrophils, ×109/l                      2.19 (0.7-8.1)                2.31 (0.6-6.2)



laboratory up to about 2.5 h later. For WBC counts, the
limits of agreement of −1.61×109/l and +2.34×109/l were
wider than the clinically acceptable values of ±1.0×109/l (5-
7). For the neutrophil counts, the limits of agreement were

also wider than clinically acceptable, i.e. −1.15×109/l and
+1.39×109/l instead of ±0.5×109/l. Thus, the criteria for
acceptable comparability between the methods were not met
for WBC and for neutrophil counts. A difference of 1.0×109/l
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Figure 1. Bland–Altman plot of agreement of white blood cell (WBC) counts between HemoCue WBC DIFF® and the University Hospital laboratory.
Dashed lines represent the limits of agreement (average difference ± 1.96-times the standard deviation of the difference), the red line indicates the
mean difference.

Figure 2. Bland–Altman plot of agreement of neutrophil counts between HemoCue WBC DIFF® and the University Hospital laboratory. Dashed
lines represent the limits of agreement (average difference ± 1.96-times the standard deviation of the difference), the red line indicates the mean
difference.



for WBC counts and of 0.5×109/l for neutrophil counts
representing the step between two grades of toxicity
according to CTCAE or more cannot be considered
acceptable. 

For the analyzers used at the laboratory, the coefficient of
variation is 0.06 for the repeated measurements of both
WBC and neutrophil counts, which agrees with those
coefficients reported in the literature (14, 15). Since the
repeatability standard deviations of the measurements at the
laboratory should be small (mean of 4.65×109/l
×0.06=0.28×109/l for WBC, and mean of 2.32×109/l
×0.06=0.14×109/l for neutrophils), and the correlation was
substantial in this study for both WBC and neutrophil counts,
the repeatability standard deviations of the HemoCue® WBC
DIFF appeared too large to allow its use by patients and
relatives at home. The differences between the cell counts
obtained from the HemoCue® WBC DIFF at the patients’
homes and those obtained from the laboratory may have
relevant conseque1283nces for the patients in two ways. On
the one hand, if the cell counts measured with the
HemoCue® WBC DIFF at home are lower than those
obtained from the laboratory, patients would not receive their
chemotherapy although their WBC and neutrophil counts
would allow them to be treated, which likely would have a
negative impact on their prognoses. On the other hand, if the
cell counts measured with the HemoCue® WBC DIFF at
home were higher than those from the laboratory, the
patients would not be able to receive chemotherapy and
would have travelled to the hospital in vain. Thus, according
to the preliminary results of this study, the use of the
HemoCue® WBC DIFF at home appears not to be optimal
and may not be recommended at this stage. However, the
limitations of this pilot study have to be taken into account
during the interpretation of its results, including the small
number of patients and measurements, the fact that only one
measurement was performed by the patients per session and
the sometimes relatively long time interval between the
measurement at the patient’s home and the subsequent
measurement at the laboratory [more than 120 min in 24%
(10/42) of the measurements]. Moreover, almost all patients
experienced problems with the lancet when taking blood
samples during at least one of their measurements with the
HemoCue® WBC DIFF. This may have contributed to the
disagreement between methods due to the fact that the
amount of blood was less than the required 10 μl or partially
clotted. In addition to the use of a different type of lancet,
more intensive training, which was required by some
patients, may also contribute to overcoming this problem.
Therefore, the study will continue with a different type of
lancet supplemented by intensive training of patients and
relatives about its proper use. 

Furthermore, it should be kept in mind that the HemoCue®
WBC DIFF was developed to be used by healthcare

professionals and not by patients and relatives. It may well
be that the results would have been different, if, for example,
nurses visiting the patients at their homes had performed the
blood tests. However, this scenario appears only realistic if
there are sufficient resources available to do so, including
man-power. Otherwise, the patients would have to travel to
hospital as before. It appears that the greatest benefit of the
use of the HemoCue® WBC DIFF would be achieved if the
device could be used by patients or relatives at home. This
idea was also reflected by the results of the patient interviews.
All 14 patients considered the use of the device at home a
great advantage when compared to measurement at the
laboratory, particularly because they would not have to travel
to the laboratory and wait to receive their results.

In summary, given the limitations of this study, the criteria
for acceptable comparability between the two methods were
not met for WBC and neutrophil counts. Since the standard
deviations of the HemoCue® WBC DIFF appeared too large,
its use of the HemoCue® WBC DIFF at patients’ homes may
not be recommended at this stage. However, the preliminary
findings of this study need to be verified in a larger cohort of
patients using a different type of lancet supplemented by
intensive training. Additional prospective studies are required
to further evaluate the usability of the HemoCue® WBC DIFF
by patients at home that should include a greater number of
measurements by the patients on the same day and subgroup
analyses regarding the time interval between the measurements
at home and at the laboratory. Additional studies are desirable,
particularly because all patients considered the use of the
HemoCue® WBC DIFF at their homes a great advantage
compared to measurement at a laboratory. 
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