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Abstract

Context: A biomarker for discriminating mechanisms of chemotherapy-induced thrombocytopenia (CIT)
(i.e. increased platelet destruction and decreased platelet production) would be valuable in managing

treatment.

Objective: We explored the discriminating value of platelet size indices for this purpose in a population of

adult oncology patients.

Materials and methods: Mean platelet volume (MPV) and platelet distribution width (PDW) were compared
between patients with (i) thrombocytopenia possibly due to increased platelet destruction; (ii) thrombocy-
topenia possibly due to decreased platelet destruction; and (iii) no thrombocytopenia.

Results and conclusions: We obtained negative results, suggesting that these indices are not useful for dis-

criminating different CIT mechanisms.
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Introduction

Thrombocytopenia is a common and well-known adverse
effect of cytostatic agents. Most frequently, chemothera-
py-induced thrombocytopenia (CIT) is the consequence
of bone marrow hypoplasia or aplasia due to toxic effect
of the cytostatic agent on the megakaryocytic cell line in
bone marrow (Jelic and Radulovic, 2006). Though far less
frequently, cytostatic agents may also induce thrombo-
cytopenia by causing increased consumption or destruc-
tion of platelets in the peripheral circulation involving
immune antibodies (Jelic and Radulovic, 2006).When a
patient develops severe hematotoxicity during cytostatic

drug treatment, clinical oncologists evaluate whether
treatment can be continued, whether treatment should
be discontinued, or whether dose delay or dose reduction
is warranted. Knowledge on the underlying mechanism
of thrombocytopenia in patients treated with cytostatic
drugs is relevant in making decisions in this situation.
Renewed exposure to the suspected agent should be
avoided in case of immune-mediated thrombocytope-
nia, whereas in case of bone marrow suppression-related
thrombocytopenia dose adjustment in subsequent cycles
may be effective for prevention of thrombocytopenia.
Antibody testing and bone marrow investigation could
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provide information on the underlying mechanism, but
cytostatic drug-related antibody tests are not widely
available and bone marrow investigation is a burden for
the patient. Therefore, a simple parameter (i.e. a nonin-
vasive, fast, and inexpensive measurement) that could
provide information about the mechanism underlying
the thrombocytopenia in chemotherapy treatment would
be useful in clinical practice. Indices related to platelet
size that can be measured with modern hematology ana-
lyzers, including mean platelet volume (MPV), platelet
distribution width (PDW), and platelet large cell ratio
(P-LCR), may be useful for this purpose. In general, in
immune-mediated thrombocytopenia the normal bone
marrow will release younger and larger platelets to keep
up with ongoing losses, resulting in an increase in platelet
size indices (Wazny and Ariano, 2000; Kenney and Stack,
2009). In bone marrow suppression-related thrombocy-
topenia, these platelet size indices are considered to be
normal or even smaller (Wazny and Ariano, 2000; Kenney
and Stack, 2009). Recent studies have shown that MPYV,
PDW, and P-LCR have sufficient validity and accuracy
in discriminating thrombocytopenia resulting from an
increased consumption or destruction of platelets in
the peripheral circulation involving antibodies (e.g. idi-
opathic thrombocytopenic purpura (ITP)) and throm-
bocytopenia resulting from a decreased production of
platelets due to myelosuppression (e.g. aplastic anemia,
high-dose chemotherapy in hematologic cancer patients)
(Bowles et al., 2005; Kaito et al., 2005; Ntaios et al., 2008;
Borkataky, 2009; Chandra, 2010). We hypothesize that
these platelet indices also have discriminative value
for immune-mediated and bone marrow suppression-
related thrombocytopenia caused by cytostatic agents.
Although the MPV is considered to provide valuable
information in the presence of immune-mediated drug-
induced thrombocytopenia (Wazny and Ariano, 2000),
its discriminative value for this purpose has not been
investigated before. We conducted a retrospective study
within a cohort of oncology patients treated with chemo-
therapy to test the hypothesis that MPV and PDW have
discriminative value for immune-mediated and bone
marrow suppression-related CIT.

Material and methods

Setting

For this study, data from a cohort of oncology patients
treated with nonclinical trial chemotherapy regimens
were used. The cohort, recently described in more detail
(ten Berg et al., in press), concerns patients with solid
tumors who received nonclinical trial chemotherapy
treatment at the University Medical Center Utrecht (UMC
Utrecht) in the 3-year period of 2004-2006. The cohort was
drawn based upon data on chemotherapy exposure from

the Utrecht Patient Oriented Database (UPOD). UPOD
has been described in detail elsewhere (ten Berg et al.,
2007). In brief, UPOD is a data platform encompassing
automated data collected during clinical care on patient
demographics, hospital discharge diagnoses, medical
procedures, medication orders, and laboratory tests for all
patients treated at the UMC Utrecht. In addition to these
data, UPOD comprises a database with hematological
data obtained with Cell-Dyn 4000 and Cell-Dyn Sapphire
hematology analyzers (Abbott Diagnostics, Santa Clara,
CA) used in routine blood cell analysis at the UMC Utrecht
since January 2005. From the blood sample, all blood cell
parameters that are measured by the analyzer (Miiller
et al., 2006) are collected within the database, providing
complete and validated automated hematological data,
including absolute cell counts, cell volume indices, and
morphological data (ten Berg et al., 2007).

Patients

Patients who were treated with chemotherapy in 2005-
2006 were selected from the UPOD oncology cohort. In
each patient, the first period of consecutive exposure
to a specific chemotherapy regimen was studied. This
period was called a course of chemotherapy treatment.
The course was constructed from consecutive automated
medication orders for cycles of chemotherapy (i.e. one
round of chemotherapy). For each patient, the last
complete blood count obtained before the start of the
course of chemotherapy treatment was identified within
the UPOD hematology database. This blood count was
considered the baseline measurement. In addition, all
complete blood cells counts within the course of chem-
otherapy exposure were selected. Based on these data,
three selective groups of patients were identified:

1. Isolated thrombocytopenia: Defined as patients with
an event of isolated thrombocytopenia at least once.
An event of isolated thrombocytopenia was defined
as the presence of a platelet count <100x10%/L
without concurrent anemia (hemoglobin <9.7 g/dL)
and/or leukopenia (leukocyte count <4.0x 10°/L)
and/or neutropenia (neutrophil granulocyte count
<1.6x10°/L) based on the same complete blood
count. The complete blood count of the first event in
time within the course was identified in each patient
and considered as the event measurement. Isolated
thrombocytopenia was considered as a proxy for
immune-mediated CIT (Wazny and Ariano, 2000).

2. Non-isolated thrombocytopenia only: Defined as
patients with only events of non-isolated thrombo-
cytopenia. An event of non-isolated thrombocyto-
penia was defined as a platelet count <100x 10°/L
with concurrent anemia (hemoglobin <9.7g/dL)
and/or leukopenia (leucocyte count <4.0x10°/L)
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and/or neutropenia (neutrophil granulocyte
count <1.6x10%L) based on the same complete
blood count. The complete blood count for the first
event in time within the course was identified in each
patient and considered as the event measurement.
Non-isolated thrombocytopenia was considered to
be a proxy for bone marrow suppression-related CIT
(Wazny and Ariano, 2000).

3. No thrombocytopenia: Defined as patients with
only platelet measurements 2100 x 10°/L during the
course of chemotherapy treatment. The complete
blood count with the lowest platelet count within the
course was identified in each patient and considered
as the event measurement.

Platelet size indices

For all patients, the values of MPV and PDW for the
baseline measurement and the event measurement were
identified. MPV was calculated by the hematology ana-
lyzer as the arithmetic mean from the impedance platelet
histogram and was reported in femtoliter (fL). In each
patient, it was determined whether the MPV was abnor-
mally high, defined as >9.5 fL based on the upper limit of
the reference range used at the UMC Utrecht. PDW was
calculated by the hematology analyzer from the imped-
ance platelet histogram and was reported 10 times the
geometric standard deviation (GSD).

Data analysis

For each patient, platelet count, MPV, and PDW values of
the baseline and event measurement were checked for
normality by comparison of the mean and median, by
comparison of the mean, median, and the standard devi-
ation, by visual inspection of the distribution histogram
and the normal plot, and by testing for normality using
the Kolgomorov-Smirnov test. For normally distributed
data a parametric test (Student’s ¢-test) was used, whereas
for non-normally distributed data a non-parametric
test (Mann-Whitney U) was applied. For both tests, a
P-value <0.05 was considered statistically significant. In
each group, the percentage of patients with an abnor-
mally high MPV at baseline and event measurement was
determined. Between-group differences in percentage of
patients with an abnormally high MPV were tested for
statistical significance using a chi-square test considering
a P-value <0.05 as statistical significant. Data analysis was
performed using SPSS 16.0 (SPSS Inc. Chicago, IL).

Results

We included 402 patients in the study: 34 patients with
isolated thrombocytopenia (8.6%), 63 patients with non-

isolated thrombocytopenia (15.7%), and 305 patients
without thrombocytopenia (75.7%). Patient demo-
graphics are presented in Table 1. Patients with isolated
thrombocytopenia were more frequently male compared
with patients with non-isolated thrombocytopenia and
patients without thrombocytopenia. On average, patients
with isolated thrombocytopenia were older than patients
with non-isolated thrombocytopenia and patients with-
out thrombocytopenia.

Chemotherapy exposure differed between the three
groups. Considering all groups, patients were exposed to
one of 47 different chemotherapy regimens. In the group
of patients with isolated thrombocytopenia, 18 different
regimens were used; the combination therapy of gem-
citabine and cisplatin was most prevalent (n=6, 17.6%).
In the group of patients with non-isolated thrombocy-
topenia, 22 different regimens were used; the combina-
tion therapy consist cyclophosphamide, doxorubicine,
and etoposide (n=8, 12.7%), and monotherapy with
carboplatin (n=7, 11.1%) was most prevalent. In the
group of patients without thrombocytopenia, 41 differ-
ent regimens were used; the combination therapy consist
fluorouracil, epirubicine, and cyclophosphamide (7 =48,
15.7%), and monotherapy with cisplatin (n=47, 15.4%)
was most prevalent.

Mean baseline values for platelet indices in each
group are presented in Table 1. Platelet count, MPYV,
and PDW were not significantly different for the three
groups at baseline. Mean and median MPV, mean and
median PDW, and the percentage of patients with an
abnormally high MPV based on the event measurement
are presented for each group in Table 2. No significant
difference in MPV was found between patients with iso-
lated thrombocytopenia and patients with non-isolated
thrombocytopenia. Significant differences were found
between patients with isolated thrombocytopenia and
patients without thrombocytopenia as well as between
patients with non-isolated thrombocytopenia and
patients without thrombocytopenia. For PDW, only a
significant difference was found between patients with
isolated thrombocytopenia and patients without throm-
bocytopenia. For the percentage of patients with an
abnormally high MPV, no significant difference was found
between patients with isolated thrombocytopenia and
patients with non-isolated thrombocytopenia, although
the percentage of the patients with either isolated or non-
isolated thrombocytopenia was significantly different
from the percentage of patients with an abnormally high
MPV among patients without thrombocytopenia.

Discussion

We observed no differences in MPV, PDW, and the
percentage of patients with an abnormally high MPV
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between patients with isolated thrombocytopenia and
patients with non-isolated thrombocytopenia. These
results suggest that MPV and PDW have no discriminate
value for immune-mediated thrombocytopenia and bone
marrow suppression-related CIT.

Our hypothesis was based on recent studies in which
MPV, PDW, and P-LCR were found to be useful to dis-
criminate immune-mediated thrombocytopenia from
thrombocytopenia due to bone marrow suppression
(Borkataky, 2009; Chandra, 2010) or inherited macro-
thrombocytopenias (Noris, 2009). In these studies, sig-
nificant differences in MPV, up to 2.0 fL, were observed
between patients with these two types of thrombocyto-
penia (Bowles et al., 2005; Kaito et al., 2005; Chandra,
2010). In the current study, we only observed a non-
significant difference of 0.3 fL in mean MPV between
patients with isolated thrombocytopenia versus patients
with non-isolated thrombocytopenia. Kaito et al. (2005)
found a significant difference in PDW between patients
with ITP and patients with aplastic anemia. In addition,
Borkataky et al. reported that PDW was significantly
different between patients with thrombocytopenia due
to peripheral platelet destruction and patients with
thrombocytopenia due to non-megaloblastic hypopro-
liferation (Borkataky, 2009). In contrast to these results,
we did not find any significant difference in mean PDW
between patients with isolated thrombocytopenia and
patients with non-isolated thrombocytopenia. Finally,
Kaito et al. (2005) also found a significant difference in
P-LCR between patients with ITP and patient with aplas-
tic anemia. In addition, Borkataky et al. (Borkataky, 2009)
did not find a significant difference in P-LCR between
patients with destructive thrombocytopenia and patients
with hypoproductive thrombocytopenia. In the current
study, P-LCR was not investigated because the Abbott
Cell-Dyn hematology analyzer does not report this
parameter.

Compared with the previous studies, we observed a
relatively low MPV for patients with immune-mediated
thrombocytopenia. Immune-mediated CIT is considered
as an acute event. In this group of patients, MPV and PDW
may be not as high as in patients with ITP, because here
the increase in MPV and PDW following the occurrence
of thrombocytopenia develops over time. The observation
of the relatively high mean MPV in patients with non-
isolated thrombocytopenia was unexpected. This may
suggest that in CIT due to bone marrow suppression the
MPV increases and partly affected bone marrow may be
able to respond to thrombocytopenia by increasing the
megakaryocytic activity. MPV is considered to be influ-
enced by several conditions. Increased platelet size has
been shown, for example, in ITP, diabetes, obesity, sepsis,
DIC and myocardial infarction (Kim et al., 1986; Yetkin,
2008). Recently, it was shown that chronic hypertension
is associated with increased MPV in ischemic stroke

patients (Ntaios, 2010). In addition, a lower MPV was also
reported to be associated with the presence of bone mar-
row metastasis in patients with solid tumors (Aksoy et al.,
2008). Information on co-morbidity and presence of bone
marrow metastasis at time of chemotherapy treatment
was not available for our study population, and therefore
we could not investigate whether differences in presence
of such conditions contributed to our findings. The find-
ing that MPV was different between patients with throm-
bocytopenia, either isolated or non-isolated, and patients
without thrombocytopenia suggests that increased MPV
is associated with thrombocytopenia. An inverse relation
between platelet count and MPV has been described
(Bessman et al., 1981; Levin and Bessman, 1983; Bain,
1985; Buckley et al., 2000). Our observation of a relatively
high mean MPV in patients with either isolated or non-
isolated thrombocytopenia could simply be explained by
the presence of thrombocytopenia. To our knowledge,
such a relation has not been described for PDW.

Some potential limitations of our study need to be
addressed, which may explain to some extent why we
did not observe a difference in MPV and PDW between
patients with isolated thrombocytopenia and patients
with non-isolated thrombocytopenia. First, the prox-
ies we used for immune-mediated thrombocytopenia
and bone marrow suppression-related thrombocyto-
penia may have had limited sensitivity and specificity
for these conditions. We had to use proxies for these
conditions because no antibody tests and bone mar-
row biopsies or aspirations were performed in these
patients. We considered isolated thrombocytopenia
as a proxy for immune-mediated thrombocytopenia,
because immune-mediated drug-induced thrombocyto-
penia in general presents as isolated thrombocytopenia
(Wazny and Ariano, 2000). However, we acknowledge
that isolated thrombocytopenia can also be the result of
selective bone marrow suppression on the level of the
megakaryocyte cell line in the bone marrow. Second,
our study may have lacked power to detect a difference
between patients with isolated and patients with non-
isolated thrombocytopenia. We compared group of 34
patients with isolated thrombocytopenia with group of
63 patients with non-isolated thrombocytopenia. With
these numbers, only a difference of atleast 0.7 f{L. in MPV
between these groups could be detected with statistical
significance. However, the differences identified in ear-
lier studies were >0.7, so power should not have been a
problem. As mentioned earlier, several conditions and
disease are associated with increased MPV. Since we
did not investigate the presence of co-morbidity among
patients with isolated and non-isolated thrombocytope-
nia, we cannot exclude the possibility that differences in
the presence of co-morbidity among the studied groups
influenced the results. The final potential limitation of
this study concerns the method that was used to obtain
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the platelet count data for this study. The analyzer used
in our study measures the MPV and PDW using an elec-
tronic impedance signal, which has an upper threshold
(i.e. 20 fL). Due to the threshold, very large platelets are
excluded from the platelet count (Ntaios, 2009), leading
to a lower MPV than truly present in the patient. For an
investigation as the current study, this would have a nega-
tive influence. Based on the observed MPV data, which
are not near the 20 fL, we believe it is unlikely that this is
the case in our study.

Despite these limitations, we believe our study sug-
gests that MPV and PDW have little value as biomarkers
for the identification of the mechanism of CIT. However,
a large prospective study, in which potential cases could
extensively be evaluated for the underlying mechanism of
CIT might give additional information. In addition, there
are other biomarkers for which the potential to serve as
biomarker for CIT should be investigated. For example,
the reticulated platelet count or immature platelet frac-
tion might have potential to serve as biomarker for the
mechanism of CIT. These platelet indices reflect throm-
bopoiesis activity in the bone marrow (Briggs et al., 2004;
Abe et al., 2006).The reticulated platelet count has been
reported to provide similar information as MPV about
the underlying mechanism of thrombocytopenia, as the
reticulated platelet count tends to vary proportionately
with bone marrow function and very high counts can
be seen in the setting of peripheral platelet destruc-
tion (Kenney and Stack, 2009). The immature platelet
fraction has been reported to a marker for bone mar-
row recovery after chemotherapy (Abe et al., 2006). The
reticulated platelet count and immature platelet frac-
tion may have additional value to discriminate bone
marrow suppression-related and immune-mediated
chemotherapy-related thrombocytopenia.

Conclusions

These results of this study suggest that MPV and PDW
have no discriminate value for immune-mediated throm-
bocytopenia and bone marrow suppression-related CIT.
Further research should focus on the value of reticulated
platelet count and immature platelet fraction for this
purpose.
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