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Purpose: Mean platelet volume (MPV) is a readily accessible and commonly tested
hematological indicator. Recent studies revealed a significant impact of MPV on the course
and prognosis of many diseases, including some types of cancer, as well as on the incidence
of atrial fibrillation and bleeding. The study aimed to perform a retrospective analysis of
MPYV in terms of time to first treatment (TTFT) and to determine its prognostic value in the
group of patients with chronic lymphocytic leukemia (CLL). Moreover, the study includes
a retrospective analysis of platelet parameters in patients treated with ibrutinib concerning
bleeding and atrial fibrillation.

Patients and Methods: The study included 523 patients with CLL, for 344 the most
important cytogenetic aberrations were reported. The Mann—Whitney, Kruskal-Wallis,
Kaplan—Meier, chi-squared, log-rank tests and multivariate Cox proportional hazard regres-
sion model were used to analyze collected data.

Results: The receiver operating characteristic curve analysis was performed to identify
optimal cut-off value for MPV. The analysis of survival curves showed that in the group
of patients with higher values of MPV TTFT was significantly longer than in the group with
lower MPV (17.9 vs 36 months, p=0.0015, cut-off value for MPV= 10.4 fl). In multivariate
Cox proportional hazard regression model low MPV, the presence of delllq and dell3q
provided independent prognostic value for TTFT (HR=0.69, 95%-CI, 0.5293 to 0.9081;
p=0.0078; HR=1.76, 95%-CI, 1.3000 to 2.3882, p=0.0003, HR=0.74, 95%-Cl, 0.5674 to
0.9588, p=0.0229, respectively). In the group treated with ibrutinib, 59 patients had no
significant correlation between MPV level and the incidence of therapy complications,
although in the group of patients with low MPV there was a tendency for more frequent
occurrence of atrial fibrillation (p=0.259).

Conclusion: Low MPV values are associated with unfavorable prognosis and might repre-
sent a novel, independent prognostic factor in CLL.

Keywords: MPV, chronic lymphocytic leukemia, TTFT

Introduction

The complete blood count (CBC) is basic and usually the first medical test in which
abnormalities reflect any pathological phenomena in the organism. Among its
components are platelet parameters: platelet count (PLT), platelet distribution
width (PDW), mean platelet volume (MPV) and plateletcrit (PCT). The platelets
play a significant role in many physiological pathways in the body; therefore,
abnormalities in these parameters indicate pathological processes, such as homeo-
static disorder, inflammation or tumor growth." The role of platelet parameters in
oncological patients was first described in 1872, when Leopold Riess observed an
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increased number of thrombocytes in patients with
carcinoma.” These findings were confirmed and comple-
mented in many further studies, which proved that PLT
might represent a potential marker of cancer, and correlate
with the severity of the disease.’

Therefore, other platelet indices were considered as
potential prognosis-affecting factors. Recent studies
revealed a significant impact of MPV value on the course
of disease in different types of neoplasms. MPV is
a machine-calculated measurement of the average size of
platelets found in the blood. The level of MPV seems to
have prognostic value in many types of solid tumors —
colorectal cancer, gastric cancer, renal cell carcinoma,
esophageal cancer, non-small cell lung cancer, invasive
breast cancer or papillary thyroid carcinoma.*'' Single
reports on the role of MPV in lymphoproliferative diseases
could also be found in the literature. Low MPV values
were related to worse outcome in patients with diffuse
large B-cell lymphoma (DLBCL).'? Low MPV was also
associated with a greater number of venous thromboem-
in DLBCL patients treated with

Meanwhile, elevated MPV was asso-

bolism episodes
chemotherapy."?
ciated with worse clinical outcomes in patients with pri-
mary or secondary osteomyelofibrosis (OMF).'* However,
the prognostic significance of MPV in other lymphoproli-
ferative diseases remains an issue that requires further
studies.

Chronic lymphocytic leukemia (CLL) is the most com-
mon type of leukemia in adult patients in Europe and
North America.'> The disease is heterogeneous in both
the molecular characteristics and clinical course that varies
from stable to rapidly progressive. The survival of patients
could range from 1 year to 15 years or more.'® Despite the
improvement in the understanding of the pathophysiology
of CLL over the past decade, its pathogenesis has not been
precisely defined.!” The variety of prognostic factors have
been already described; nevertheless, they are not fully
efficient in predicting the course of CLL, especially
when the disease is diagnosed at an early stage.
International Prognostic Index (CLL-IPI) created in 2016
by the Chronic Lymphocytic Leukemia Working Group
included five factors: age (>65 years), stage (Rai I-IV or
Binet B-C), IGHV gene mutational status (unmutated),
B2-microglobulin level (>3.5 mg/L) and TP53 gene (muta-
tion or deletion).'® The studies conducted in the recent
decade have revealed several somatic mutations with
a potential impact on the course and prognosis of the
disease. Among them: neurogenic locus notch homolog

protein 1 (NOTCHI), myeloid differentiation primary
response gene 88 (MYDSS8), and splicing factor 3B subunit
1 (SF3BI)."” Nevertheless, the determination of the muta-
tion is a procedure that requires time, adequate laboratory
facilities and generates costs. The potential use of MPV as
a prognostic factor would allow a quick assessment of the
patient at the time of diagnosis. Moreover, CBC is a fast,
cheap, easily accessible and repeatable test.

Besides, MPV could be also useful in assessing the risk
of therapy complications. Ibrutinib, which becomes the
new standard in CLL treatment, is an inhibitor of Bruton
tyrosine kinase (BTK). BTK is also important for signal-
ing via the collagen receptor glycoprotein VI in platelets
and thereby ibrutinib affects platelet function. Among the
adverse effects of ibrutinib therapy, the most characteristic
and recognized are bleeding episodes and atrial fibrillation
(AF), that are observed, respectively, in 44% and 9% of
treated patients.’”?' Both bleeding episodes and AF are
potentially related to platelet parameters.”>** It seems that
testing the dependence between MPV level and occurrence
of AF in patients treated with ibrutinib may help to iden-
tify the potential predictor of this adverse effect.

The study aimed to perform a retrospective analysis of
MPV in terms of time to first treatment (TTFT) and to
determine its potential prognostic value in the group of
patients with CLL. The study also includes a retrospective
analysis of platelet parameters in patients treated with
ibrutinib concerning bleedings and AF.

Patients and Methods

The study investigated retrospectively 523 patients in the
care of 7 hematological centers in Poland. The cohort
consisted of 302 (57.7%) men and 221 (42.3%) women
aged from 32 to 89 years of age. The median age was 65
years. Most of them — 363 patients — received chemother-
apy, while 160 did not require treatment until the end of
the study. The group of 59 patients were treated with
ibrutinib. Clinical data of all of the patients were collected
before the start of treatment. Distribution of patients
according to the Rai classification was as follows: stage
0-44 patients; stage I — 171 patients; stage II — 180
patients; stage III — 55 patients; and stage IV — 65 patients.
Clinically, the prognostic significance in terms of the
TTFT was assessed for 519 patients with CLL. The
TTFT was defined as the time from diagnosis to the start
of treatment, for active disease following the criteria pro-
posed by the International Workshop on CLL. In the group
of 344 patients, cytogenetic aberrations (delllq, dell3q,
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dell7p and tri12) using immunofluorescent in situ hybri-
dization (FISH) were assessed. The detailed clinical char-
acteristics of patients are presented in Table 1.

The collected data were used to perform statistical analysis
with GraphPad Prism 5 (La Jolla, California, United States).
The Mann—Whitney, Kruskal-Wallis and chi-squared test
tests were used to evaluate the differences between the sub-
groups. The correlations of variables were computed with the
Spearman rank correlation coefficient. The Kaplan—-Meier
method and the log-rank test were used to assess TTFT of
CLL patients in different prognostic subgroups as well as
groups defined by MPV value.
Proportional Hazard Regression Model was performed using
MedCalc (MedCalc Software, Ostend, Belgium) to establish
independent prognostic markers for TTFT. Statistical signifi-

Multivariate Cox

cance was defined as a p-value of less than 0.05.

Results

The MPV value ranged from 6.1 to 14.5 fl. The median
was 10.2 fl and the mean was 10.17 (+1.45) fl. MPV
characteristics in individual hematological centers
involved in the project are presented in Table 2. The
receiver operating characteristic (ROC) curve analysis
was performed to identify optimal cut-off value, which
was established as 10.4 fl (AUC: 0.595, sensitivity
61.02%, specificity 56.60%) (Figure 1). Patients were
divided into two groups: patients with MPV < 10.4 fL
(low MPV) and patients with MPV > 10.4 fL (high MPV).
There were 289 (55.3%) patients with low MPV and 234
(44.7%) patients with high MPV values.

The study revealed that MPV levels are associated with
clinical advancement of the disease according to Rai staging,
the need for treatment and /GHV mutational status. There
were no differences according to age, sex, ZAP-70 or CD-38
levels. The detailed comparison of clinical features in groups
with low and high MPV values is shown in Table 3.
Moreover, median MPV in patients, who required treatment,
was significantly lower than in patients with no need for
treatment (median MPV 10.1 fL vs 10.6 fl; p=0.009). There
was a tendency for lower median MPV in more advanced
clinical stages according to Rai classification; however, this
relationship did not apply to stage IV (median MPV, stage
0-10.6; I- 10.3; 11-10.15; 11I-10.1; IV —10.6 [fl]; p=0.35).
These results are shown in Figure 2.

The median TTFT in patients with low MPV level
was significantly shorter compared to the group with
higher MPV (17.9 vs 36 months, p=0.0015). The

Kaplan-Meier TTFT curves of the low versus high

MPV showed a significant separation (Figure 3A). We
analyzed the relevance of MPV level and /GHV mutation
status to discriminate the group of CLL patients with the
longest TTFT. In the case of MPV high/IGHV mutated
group showed significantly longer TTFT compared to
MPV high/IGHV unmutated, MPV low/IGHV mutated,
MPV low/IGHV unmutated (median undefined [more
than 92] vs 62.4 vs 42.3 vs 11.9 months, p=0.0007,
3B). In
Proportional Hazard Regression Model low MPV, the

respectively;  Figure Multivariate  Cox
presence of delllq and dell3q provided independent
prognostic value for TTFT (HR=0.69, 95%-CI, 0.5293
to 0.9081; p=0.0078; HR=1.76, 95%-CI, 1.3000 to
2.3882, p=0.0003, HR=0.74, 95%-Cl, 0.5674 to 0.9588,
p=0.0229).

The group of 59 patients was treated with ibrutinib. In
14 of them complications of the therapy occurred: 7
patients had at least one episode of AF during treatment,
6 patients had an episode of bleeding and one patient had
both AF and bleeding episodes. As for bleeding episodes,
most of them (n=4) were grade 1 in Common Toxicity
Criteria for Adverse Events (CTCAE) scale (version 5.0).
There was no significant correlation between MPV level
and the incidence of therapy complications, although in
the group of patients with low MPV there is a tendency for
more frequent occurrence of AF (p=0.259).

According to the fact, that clinical data were obtained from
7 hematological centers, differing in laboratory norms used,
we performed analysis including data normalized to the
applicable laboratory norms. The analysis of the normalized
MPYV value is compatible with the analysis of MPV values
presented in the article and confirms that the differences in the
laboratory norms of individual centers did not affect the
homogeneity of the group and the statistical significance of
the results. The complete analysis is available as the
Supplementary data (Supplementary Table 1, Supplementary

Figure 1).

Discussion

According to our knowledge, this is the first analysis to
evaluate the association between MPV values and prog-
nosis in CLL. Our findings indicate that patients with
lower MPV levels marked before the start of treatment
have a worse prognosis. More frequently they need to start
therapy, have shorter TTFT and more frequent display co-
existence of an unfavorable prognostic factor such as
unmutated /GHV status.

Cancer Management and Research 2020:12
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Table | (A) Clinical Characteristics of Patients. (B) Cytogenetic Aberrations in the Study

A. B
Number of Patients 523 Aberration/ Present Absent Ploidia/Mosaic Number of Patients
Mutation
Sex Del17p 46 337 | 384
Females 221 Dell Iq 76 306 2 384
Males 302 Dell3q 182 166 | 349
Age, y, median (range) 65 (32-89) Tril2 39 308 | 348
Rai stage
0 44 Deléq | 13 - 14
| 171 Tp53 5 25 - 30
I 180
11l 55
v 65
not available 8
ZAP-70 (cut-off 20%)
Positive (220%) 22
Negative (<20%) 40
Not available 461
CD38 (cut-off 30%)
Positive (230%) 117
Negative (<30%) 224
Not available 182
IGHV mutation status
Mutated 46
Unmutated 78
Not available 399

Abbreviations: ZAP-70, zeta-chain-associated protein kinase 70; CD38, cluster of differentiation 38; IGHV, immunoglobulin heavy chain variable region; tril2, trisomy of 12
chromosome.

The prognostic value of MPV levels has been
described in many types of solid tumors. However, in
most of them, an elevated MPV level correlated with
a worse prognosis. In colorectal carcinoma the MPV
level was significantly higher than in patients with color-
ectal adenoma or healthy participants; moreover, MPV
was significantly higher in patients with metastases com-
pared to those with no metastasis.*** In gastric cancer,

a higher baseline MPV level was correlated with a greater

number of metastases and worse response to
chemotherapy.® A similar correlation was described in
breast cancer or pancreatic cancer.*'*?® However, CLL
is not the only type of cancer in which low MPV levels
correlate with poor outcomes of the disease. In esophageal
cancer, survival analysis revealed that both the disease-

free survival (DFS) and OS in the lower MPV group

Table 2 MPV Characteristics in Individual Hematological Centers Involved in the Project

Centre Number of Patients Range (fL) Median (fL) Mean (£SD) (fL) Laboratory Norm (fL)
| 235 82-138 10.6 10.64 (+0.99) 9.0-12.6
2 38 8.6-13.6 10.8 10.83 (£1.01) 9.4-12.6
3 105 6.3-14.5 9.8 9.82 (£1.67) 6.8-11.0
4 50 8.10-13.6 10.2 10.45 (£1.12) 74-124
5 30 7.3-12.5 9.9 9.80 (1.35) 8.5-12.5
6 54 6.1-14.3 8.2 8.19 (x1.36) 8.0-12.5
7 I 8.5-12.6 10.4 10.46 (£1.12) 9.4-12.6
9980  submit your manuseript Cancer Management and Research 2020:12
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Figure | The optimized cut-off value was determined for MPV using standard ROC curve analysis.

(MPV<7.4 fl) were significantly shorter than those in the
high MPV group.” Likewise, in renal cancer and muscle-
invasive bladder cancer decreased MPV value was asso-
ciated with a significantly shorter 5-year 0S.%*’** There
were also ambiguous reports regarding the importance of
MPV levels in lymphoproliferative diseases. In DLBCL
patients receiving R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone) immuno-
chemotherapy low MPV value was related to a worse
outcome, while the 2 year-PFS rate was significantly
longer in patients with MPV >9.1 fLL compared to
a group with lower MPV levels.'? Decreased MPV was
also associated with the risk of venous thromboembolism
and increased mortality in patients treated for DLBCL."
Whereas, in patients with primary or secondary OMF
elevated MPV was associated with worse clinical out-
comes and shorter OS in the whole cohort.'

Based on these studies, it is difficult to determine
which MPV level is beneficial for the organism and what
mechanisms determine the impact of MPV on cancer prog-
nosis. Platelets act as a crucial modulator in tumor devel-
opment, tumor cell growth, angiogenesis, and
metastasis.>”*® The most important role is probably
ascribed as the intensity of inflammation associated with
the neoplastic process, as thrombopoietin and numerous
inflammatory cytokines (eg, IL-1, IL-6 and TNF) regulate
thrombopoiesis.®" In the vast majority of solid tumors, the
worse prognosis is associated with large platelets. This
correlation is likely related to the ability of activated
platelets to release soluble factors such as chemokines,

proteolytic enzymes, proangiogenic regulatory proteins,

and growth factors favoring tumor growth and invasion.
Besides, platelets with the participation of integrin allbf3
(glycoprotein IIb/I1Ia) are involved in the formulation of
tumor cell aggregates and protecting the tumor cells from
lysis by the immune system. These aggregates are also
more easily transferred into the bloodstream, which pro-
motes metastasis.”*> Platelet activation may be also asso-
ciated with oxidative stress.***> In CLL, malignant cells
are more active in the production of reactive oxygen
species (ROS) than normal cells, they present also reduced

to controls.>®37

antioxidant potential as compared
Oxidative stress promotes the persistence of chronic
inflammation, causes immune system dysfunction and
may also lead to an increased number of infectious
complications.*®

Our study proved that in CLL this correlation is oppo-
site, while the worse prognosis is associated with low
MPV levels. These findings are consistent with results
the

DLBCL.'*"* In hematological neoplasms, it seems that

obtained in other lymphoproliferative disease,
MPV parameters depend on the extent of inflammation.
This corresponds to the recent hypothesis for the develop-
ment of CLL, which assumes that immunologic and
inflammatory factors, stimulation,
could be of CLL.*

Moreover, recent reports confirmed that low levels of

including antigen
involved in the pathogenesis

MPV are associated with the extent of inflammation.”'
Some studies suggest the release rate of small size plate-
lets from the bone marrow increases since excessive pro-
inflammatory cytokines interfere with megakaryopoiesis.*’
Therefore, there is a hypothesis that lower MPV values

Cancer Management and Research 2020:12
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Table 3 Baseline Characteristics of the Patients According to
MPV Values

Variables Total MPV >10.4 | MPV <10.4 | p-value
N (%) fl fl
N N
Age (years)
<65 258 113 145 ns.
(49.3)
265 265 121 144
(50.7)
Sex
Male 302 128 174 ns.
(57.7)
Female 221 106 115
(42.3)
Treated
Yes 362 143 219 0.00002
(69.3)
No 160 9l 69
(30.7)
Rai stage 26 18 0.01058
0 44 (84) | 80 9l
| 171 69 11
(32.7)
I 180 19 36
(34.4)
1] 55(10.5) | 37 28
v 65 (12.4)
Unknown 8 (1.5)
ZAP-70 ns.
Positive 22 (4.2) 14 8
Negative 40 (7.6) | 21 19
Not 461
available (88.1)
CD-38 ns.
Positive 117 51 66
(224)
Negative 224 98 126
(42.8)
Not 182
available (34.8)
IGHV 0.04103
Mutated 46 (8.8) | 27 19
78 (14.9) | 31 47
Unmutated
Not 399
available (76.3)

Abbreviations: MPV, mean platelet volume; ZAP-70, zeta-chain-associated protein
kinase 70; CD38, cluster of differentiation 38; IGHV, immunoglobulin heavy chain
variable region.

could be a consequence of an enhanced consumption of
large, hyperactive platelets during inflammation as a result
of increased hemostatic demand.?' Defective thrombopoi-
esis and enhanced destruction and swelling of circulating
platelets in an environment rich in activating agents could
be responsible for decreased MPV values.

A potential limitation of our study is the fact that the
collected data were obtained from several hematological
centers, so CBCs were carried out on various laboratory
equipment, and MPV norms were different. To avoid those
errors, we normalized the laboratory results against the
adopted laboratory norm in the given center. The results
obtained after data normalization did not differ from the
analyses performed on raw data. The standardization
methodology and the results of statistical analyses of nor-
malized data are available as supplementary data. We are

aware that the clinical usefulness of MPV as a potential
prognostic factor depends on the determination of an opti-
mal and universal cut-off level, moreover, its introduction
into common clinical practice would require the standar-
dization of hematological analyzers used in hematological
centers or the development of a reliable method for nor-
malizing results.

Our study included a group of patients treated with ibru-
tinib. This first-in-class inhibitor of BTK becomes the new
standard in CLL treatment. BTK is a part of the B-cell
receptor signaling cascade. It is also expressed in platelets
and acts downstream in glycoprotein (GP)VI signaling
involved in collagen-mediated platelet aggrega‘tion.41
Among the adverse effects of ibrutinib therapy most frequent
are bleeding episodes that were observed in 44% of patients
in the CLL registration trial and up to 61% of patients after
a longer observation period.”’ Bleeding is usually mild
(grade 1 or 2), corresponding to spontaneous bruising or
petechiae. A less frequent, but more dangerous adverse effect
of ibrutinib therapy is AF, which occurs in 5-9% of
patients.>' Both bleeding episodes and AF are potentially
related to platelet parameters. The pooled analysis revealed
that MPV level was significantly higher in patients with AF
compared to those with sinus rthythm (SR), with a weighted
mean difference (WMD) of 0.42 f1.%* Increased MPV level
may also predict postoperative AF, as pooled analysis
showed that MPV was significantly greater in patients with
postoperative AF compared to postoperative SR with WMD
of 0.53 fl.** Our study did not confirm the correlation

between MPV level and the incidence of therapy
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Figure 2 Median MPV depending on clinical characteristics (A and B).

Notes: (A) Median MPV in patients, who required treatment, was significantly lower than in patients with no need for treatment (median MPV 0.1 fL vs 10.6 fl; p=0.009).
Statistical significance was determined with unpaired t test. (B) There was no significant differences in MPV values according to Rai classification (median MPV, stage 0—10.6;
I- 10.3; 1I-10.15; 1I-10.1; IV —10.6 [fl]; p=0.35). Statistical significance was determined with Kruskal-Wallis test (treated, patients, who received therapy, all clinical data
collected before the start of treatment; not treated, patients, who did not require treatment before the end of the study).

Abbreviations: MPV, mean platelet volume; ns., non-significant.
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Figure 3 Kaplan—Meier analysis of TTFT in CLL patients (A and B).

Notes: (A) The median TTFT in patients with low MPV level was significantly shorter compared to the group with higher MPV (17.9 vs 36 months, p=0.0015). (B)
According to MPV levels and IGHV mutation status, the MPV high/IGHV mutated group showed significantly longer TTFT compared to MPV high/IGHV unmutated, MPV low/
IGHV mutated, MPV low/IGHV unmutated (median undefined [more than 92] vs 62.4 vs 42.3 vs 1 1.9 months, p=0.0007, respectively). Statistical significance was determined
using log-rank survival analysis.

Abbreviations: TTFT, time to first treatment; MPV, mean platelet volume; IGHV mut, mutated immunoglobulin heavy chain variable region gene; IGHV um, unmutated

immunoglobulin heavy chain variable region gene.

complications, although in the group of patients with low
MPYV there is a tendency for the more frequent occurrence of
AF. The potential limitation of our study was the small size of
the group with a low percentage of complications. However,
it seems that testing the dependence between MPV levels and
AF onset in a bigger study group may help to identify the
potential predictor of this adverse effect.

Summarizing, low MPV level is associated with worse
prognosis in CLL and it has independent prognostic value.
The MPV level may become a new prognostic factor in
CLL. There is no significant correlation between MPV
level and the incidence of ibrutinib therapy complications,
although in the group of patients with low MPV there is
a tendency for more frequent occurrence of AF.
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