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Abstract
Purpose  The role of mean platelet volume (MPV) as a predictor of outcomes in various cancer entities including colorectal 
cancer (CRC) has already been analyzed. However, data on the prognostic and predictive value of MPV in CRC over multiple 
lines of systemic therapy are missing.
Methods  In this retrospective single-center cohort study, 690 patients with UICC stage II, III or IV CRC receiving adjuvant 
and/or palliative chemotherapy were included. Primary endpoints in the adjuvant, palliative and best supportive care (BSC) 
setting were 3-year recurrence-free survival (RFS), 6-months progression-free survival (PFS), and 6-months overall survival 
(OS), respectively. Kaplan–Meier estimators, log-rank tests, and uni- and multivariable Cox models were used to analyze 
RFS, PFS and OS. A cut-off defining patients with low MPV was chosen empirically at the 25th percentile of the MPV 
distribution in the respective treatment setting.
Results  Three-year RFS was 76%. Median 6-month PFS estimates in 1st, 2nd and 3rd line therapy were 59, 37 and 27%, 
respectively. Median 6-month OS in BSC was 31%. Small platelets as indicated by low MPV did not predict for shorter 
RFS. In the first 3 palliative treatment lines a consistent association between low MPV and decreased 6-month PFS was not 
observed. In the BSC setting, patients with low MPV had numerically but not significantly shorter OS. Higher MPV levels 
did not consistently predict for ORR or DCR across the first 3 palliative treatment lines.
Conclusion  Small platelets are not predicting CRC outcomes, and thus are hardly useful for influencing clinical decision 
making.
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Abbreviations
MPV	� Mean platelet volume
BSC	� Best supportive care
RFS	� Recurrence-free survival
PFS	� Progression-free survival
OS	� Overall survival
ORR	� Objective response rate
DCR	� Disease control rate
HR	� Hazard ratio

CI	� Confidence interval
mCRC​	� Metastatic colorectal cancer
CTX	� Chemotherapy
CR	� Complete remission
PR	� Partial remission
SD	� Stable disease
PD	� Progressive disease
NE	� Not evaluable
NA	� Not applicable

Introduction

Colorectal cancer (CRC) is the third most common cancer 
among both men and women. However, due to changes 
in risk factors and the increased attendance in screen-
ing programs in developed countries, incident rates have 
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been declining over the last years [1]. Nevertheless, 30% 
of patients with UICC stage II or III experience recurrence 
after resection in curative intention, 80% of which have 
stage III disease at diagnosis [2]. Approximately 20% of 
all patients present with initially metastasized UICC stage 
IV disease at diagnosis [3]. Therefore, it is crucial to find 
cost-effective and reliable prognostic biomarkers to identify 
patients at high risk of local or distant recurrence as well as 
for outcome prediction in metastasized CRC [4].

Mean platelet volume (MPV), a marker for platelet activa-
tion, is easily available in routine blood tests and has already 
been demonstrated to be a predictor of thrombotic events 
in patients with cardiovascular and cerebrovascular disease 
[5]. Furthermore, an association of MPV and the risk for 
venous thromboembolism in cancer patients has been found 
[6]. Evidence suggests that activated platelets might also 
play an important role in tumor progression by interacting 
with various cell types and participating in tumor prolifera-
tion related processes [7]. In addition, platelets have been 
shown to promote cancer angiogenesis by releasing angio-
genic growth factors such as vascular endothelial growth 
factor (VEGF) [8].

Altered MPV has previously been analyzed as a prog-
nostic and predictive biomarker for various tumor entities 
including cancers of the lung, bladder, kidney, endometrium, 
stomach and pancreas [9–14]. In CRC it has been shown 
that a higher level of MPV relates to the presence of this 
cancer entity, shorter overall survival (OS) and detrimental 
effects on progression-free survival (PFS) [15–18]. How-
ever, to the best of our knowledge MPV and its impact on 
the recurrence- free survival in the adjuvant setting as well 
as its prognostic and predictive value over multiple palliative 
treatment lines and best supportive care have not been inves-
tigated yet. The aim of this study is to fill this gap and evalu-
ate the predictive and prognostic potential of pretreatment 
MPV in both the adjuvant and palliative setting in CRC.

Methods

Study design and patients

In this single-center observational cohort study, we retro-
spectively included patients with histologically-confirmed 
non-metastatic (UICC stage II and III) and metastatic (UICC 
stage IV) carcinomas of the colon or rectum who were 
referred to our department (Division of Oncology, Depart-
ment of Internal Medicine, Medical University of Graz, 
Austria) between Jan, 1st, 2010 and March, 1st 2016. From 
these 1054 patients, we excluded 364 patients according to 
pre-defined criteria (Supplementary Fig. 1). Data at base-
line were extracted from the electronic health record system 
of our hospital trust (which includes all public hospitals in 

the Austrian county of Styria), the internal documentation 
system of our department, and from paper-chart archives of 
our hospital. MPV results derived from routine laboratory 
analyses of whole blood samples drawn into EDTA-coated 
collection tubes (Vacuette®, Greiner Bio-One, Kremsmün-
ster, Austria). MPV was computed as the ratio of plateletcrit 
(PCT) to the number of platelets (PLT). In detail, PLT is 
determined via impedance after hydrodynamic cell focus-
ing, while PCT results from the summation of the single 
impulses during PLT measurement. All measurements were 
performed on analyzers by Sysmex®, during that 6-year 
span various models (XN-1000™, XE-5000™) were used 
in the local clinical laboratory. The models do not differ in 
method of detection. For patients with metastatic disease, 
we extracted MPV values from the day of treatment initia-
tion (for each one of the first three systemic treatment lines 
and at the timepoint of Best Supportive Care (BSC) initia-
tion). For patients with non-metastatic disease, we extracted 
MPV values which were closest to the time of histological 
tumor diagnosis (within 1 week before and at a maximum 
of 2 weeks after histological diagnosis), but always before 
definitive surgery.

Endpoints

We defined the date of definitive surgery as the baseline date 
for patients with non-metastatic tumors. In the metastatic 
setting, we defined start date of the respective chemotherapy 
line (1st, 2nd, and 3rd) or date of BSC initiation as the base-
line date, respectively. Co-Primary endpoints were Recur-
rence-Free Survival (RFS) in the non-metastatic setting, 
Progression-Free Survival (PFS) in the first three treatment 
lines in the metastatic setting, and Overall Survival (OS) in 
Best Supportive Care (BSC). Follow-up was truncated at 
3 years for RFS analyses, and at 6 months for PFS and OS 
analyses, respectively.

Ethics statement

The study was approved by the local ethics committee 
(Ethikkommission der Medizinischen Universität Graz, 
IRB00002556) prior any patient-related activities were per-
formed (No. 25-458 ex 12/13). Written informed consent 
was not obtained from individual patients, because the local 
ethics committee specifically granted a “waiver of consent” 
for this retrospective database study. All investigations have 
been in accordance with the principles embodied in the dec-
laration of Helsinki.

Statistical analysis

All statistical analyses were performed using Stata (Win-
dows version 15.0, Stata Corp., Houston, TX, USA). 
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Continuous variables were summarized as medians 
[25th–75th percentile], whereas categorical variables were 
reported as absolute counts (%). The association between 
response rates and MPV under study were analyzed with 
uni- and multivariable generalized linear models from the 
Bernoulli family with an identity link. Median follow-up 
was estimated with a reverse Kaplan–Meier (KM) estimator 
according to Schemper and Smith. PFS and OS was esti-
mated with KM estimators, compared between two groups 
using log-rank tests, and modelled with uni- and multivari-
able Cox proportional hazards models. For dichotomization 
of MPV (necessary for all figures), an empirical cut-off at 
the 25th percentile of the MPV distribution in the respective 
treatment setting was used.

Results

Analysis at baseline

In total, 690 patients were included in the analysis of which 
425, 231, 117, 55 and 212 patients accounted for the adju-
vant, 1st-line metastatic, 2nd-line metastatic, 3rd-line meta-
static, and BSC setting, respectively (Table 1). The average 
MPV levels were highly similar across all treatment settings 
(Table 1).

Analysis of response patterns in the 1st to 3rd‑line 
metastatic setting and their association with MPV

Objective response rates (ORR) were 33% (95% CI 27–40) 
in 1st-line therapy, 24% (16–34) in 2nd-line therapy, and 
19% (8–33) in 3rd-line therapy, respectively (Supplementary 
Fig. 2). Corresponding disease control rates (DCR) were 
65% (58–72), 57% (47–67), and 42% (27–58), respectively. 
Higher MPV levels did not consistently predict for ORR or 
DCR across treatment lines, and this prevailed in multivari-
able analysis adjusting for polychemotherapy (Table 2).

Uni‑ and multivariable analysis of clinical outcomes 
across treatment settings

Median PFS was not reached in 1st-line, 4.8 months in 
2nd-line, and 4.1 months in 3rd-line therapy, respectively. 
9-month PFS was 59% (52–65), 37% (28–46) and 27% 
(15–41) in 1st-line, 2nd-line, and 3rd-line therapy, respec-
tively. Median OS was 2.6 month in BSC, and 6-month OS 
in BSC was 31% (23–40, Supplementary Fig. 3). Median 
RFS was not reached in the adjuvant setting, while 3-year 
RFS was 76% (72–81, Supplementary Fig. 4).

Three-year RFS was highly similar in patients with low 
MPV (as defined by an empirical cut-off < the 25th per-
centile (< Q1) of its distribution) and patients with MPV 

above this cut-off, respectively (log-rank p = 0.566, Fig. 1). 
In univariable Cox regression, MPV levels were not associ-
ated with the rate of recurrence [Hazard Ratio (HR) per 1 
fL increase in MPV = 0.96, 95% CI 0.82–1.12, p = 0.600, 
Table 3]. This result prevailed after multivariable adjust-
ment for stage III disease (Adjusted HR = 0.95, 0.81–1.12, 
p = 0.556, Table 3). 

Rates of progression in 1st- to 3rd-line therapy were 
higher in patients with low MPV (as defined by an empiri-
cal cut-off < the 25th percentile (< Q1) of its distribution in the 
respective treatment setting) than in patients above this cut-
off (Fig. 2a–c), although this did only reach statistical signifi-
cance in the 2nd-line setting. This pattern was confirmed in uni- 
and multivariable Cox regression, where higher MPV levels 
were numerically but not statistically significantly associated 
with a lower rate of progression in 1st- to 3rd-line metastatic 
settings, as well as BSC, respectively (Table 3 and Fig. 3). 

Discussion

Previous studies have already analyzed MPV and its poten-
tial role as a diagnostic and prognostic biomarker in different 
disease and treatment settings in CRC [16–19]. However, 
there is a lack of information on MPV and its impact on 
recurrence in the adjuvant setting as well as its association 
with outcome in metastatic CRC over multiple systemic 
treatment lines. In our study, pretreatment MPV was nei-
ther a predictor for RFS in patients undergoing potentially 
curative resection nor significantly associated with shorter 
PFS in metastasized CRC, except for 2nd line treatment. 
Patients in BSC with MPV below the 25th percentile had 
numerically but not significantly shorter OS. There was no 
consistent influence on clinical response rates (ORR and 
DCR) in patients receiving 1st, 2nd and 3rd line palliative 
treatment, respectively.

Platelets enhance tumor progression as they carry mul-
tiple granules containing growth factors, chemokines and 
proteases and form a shield around tumor cells preventing 
them from the immune response of natural killer cells [8]. 
In addition, they carry prothrombotic and proinflammatory 
mediators and are involved in inflammatory processes and 
diseases [5]. MPV is a marker of platelet size and raises due 
to enhanced platelet activation and inflammation, the last of 
which plays a major role in cancer progression [5, 20]. Mark-
ers of inflammation were already shown to relate to cancer 
prognosis and clinical response in metastatic CRC [21], 
but although an increase of MPV in some cancer entities 
is assumed to be the result of cancer related inflammation 
[13, 19, 22, 23], the observation of decreased platelet size in 
cancer may also be explained by cancer-associated platelet 
activation and exhaustion [24]. Small platelets and conse-
quently low MPV might be the result of further enhanced 
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inflammation and a high consumption of large activated 
platelets at the tumor site, causing the release and produc-
tion of smaller exhausted platelets [5, 10]. This mechanism 
was shown in other diseases with systemic inflammation [5].

Interestingly, opposing MPV levels could be found in 
different cancer entities. On the one hand, increased MPV 
was present in gastric, endometrial, ovarian and liver cancer 
whereas on the other hand, it was decreased in non-small 
cell lung cancer and renal cell carcinoma [9, 12, 13, 15, 22, 
23, 25]. In CRC the role of MPV is still not clear. Higher 
preoperative MPV values could be found in patients with 
colon cancer compared to controls, implicating that MPV 
might indicate the presence of colon cancer. In addition, 
MPV values were associated with disease progression and 
raised with higher stages [19]. Kilincalp et al. [26] could 
further show that increased MPV in CRC patients decreased 
after surgical removal of the tumor. Conversely, the analysis 
of MPV in rectal cancer alone revealed lower values at diag-
nosis but an increase of MPV after curative resection [18]. 
This might indicate a difference in the role of platelets in 
colon and rectal cancer but may also indicate that the cancer 
cells themselves influence the tumor macroenvironment (i.e. 
platelet function and size) [27].

In contrast to our results, prior studies found increased 
MPV at diagnosis to be a predictor of poor prognosis in 
CRC, associated with shorter pooled OS and shorter PFS in 
metastatic patients receiving bevacizumab-combined chem-
otherapy. This was explained by a linkage between increased 
platelet size and increased platelet activation and consecu-
tive greater inflammation [16, 17].

Nonetheless, although not statistically significant, regres-
sion coefficients across all treatment settings were in the 
direction that small platelets are associated with worse out-
comes. This at least partly corroborates prior research in 
CRC and other tumors types which implicate low MPV in 
adverse prognosis. Moreover, our clinical data are at least 
hypothesis-generating for further basic research studies on 
platelet activation and cancer progression in CRC.

Riedl et al. [6] found a decreased MPV to be significantly 
associated with shorter OS when they analyzed the impact 
of altered MPV in cancer patients on the risk of venous 
thromboembolism and mortality in a prospective cohort 
study including 1544 cancer patients. However, the study 
summarizes both patients with solid as well as hematologi-
cal malignancies and amongst others the subgroup analysis 
for 159 CRC cases showed no significant result. In addition, 
a recent study of our department found a highly significant 
association of decreased MPV and RFS as well as cancer 
specific death in patients with non-metastatic renal cell car-
cinoma [11]. Low MPV values were also shown to be associ-
ated with poor prognosis in cancers of the bladder and the 
lung [9, 10, 28].
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Table 2   Uni and multivariable predictors of clinical response rates in first, second and third line

Absolute change of ORR (objective response rate) and DCR (disease control rate) per 1fL increase of MPV (mean platelet volume)
ORR objective response rate, DCR disease control rate, CI confidence interval, P p value, MPV mean platelet volume, N/E not evaluable

Variables Δabs in 1st-line (95% CI p) Δabs in 2nd-line (95% CI p) Δabs in 3rd-line (95% CI p)

Objective response rate (%)
 Univariable analysis
  MPV (per 1fL increase) + 0.8% (− 6.8–6.9, p = 0.982) + 7.3% (− 2.1–16.6), p = 0.129) − 7.4% (− 15.0–0.2, p = 0.058)

Other predictors–Univariable analysis
  Age (per 10 years increase) − 7.9% [− 14.3–(− 1.5), p = 0.015] − 1.3% (− 9.6–7.0, p = 0.759) − 13.6% (− 21.9–(− 5.2), p = 0.001)
  Right side − 6.8% (− 21.6–8.0, p = 0.370) 13.4% (− 8.1–35.0, p = 0.221) − 12.8% (− 35.0–9.4, p = 0.259)
  Right side in KRAS-wt − 15.4% (− 35.2–4.5, p = 0.129) 7.8% (− 21.9–37.4, p = 0.609) 0.0% (− 39.2–39.2), p = 0.999)
  Polychemotherapy + 22.7% (10.5–34.8, p < 0.0001) 16.9% (0.8–33.1, p = 0.039) + 19.7% (− 0.7–40.0, p = 0.058)

 Multivariable analysis
  MPV (per 1fL increase) + 1.0% (− 5.6–7.7, p = 0.764) + 8.2% (2.4–14.1), p = 0.006) N/E
  Polychemotherapy + 19.4% (5.6–33.2, p = 0.006) + 18.4% (4.8–32.0, p = 0.008) N/E

Disease control rate (%)
 Univariable analysis
  MPV (per 1fL increase) + 4.9% (− 1.8–11.6, p = 0.154) + 10.2% (0.6–19.7, p = 0.036) − 0.2% (− 14.9–14.5, p = 0.980)
  Other predictors–Univariable analysis
  Age (per 10 years increase) − 7.1% (− 13.0–(− 1.2), p = 0.019) − 1.2% (− 10.6–8.1, p = 0.796) − 2.8% (− 20.1–14.6, p = 0.754)
  Right side + 10.8% (− 5.2–26.8, p = 0.187) + 21.9% (0.7–43.1, p = 0.043) + 4.8% (− 29.2–38.8, p = 0.781)
  Right side in KRAS-wt + 1.8% (− 22.1–25.7, p = 0.881) + 3.9% (− 26.5–34.2, p = 0.802) + 15.0% (− 33.1–63.2, p = 0.542)
  Polychemotherapy +31.5% (15.3–47.8, p < 0.0001) + 31.7% (11.4–51.9, p = 0.002) + 16.9% (− 12.6–46.4, p = 0.262)

Multivariable analysis
  MPV (per 1fL increase) + 4.5% (− 1.8–10.9, p = 0.162) + 12.9% (4.3–21.4, p = 0.003) − 0.7% (− 15.2–13.8, p = 0.924)
  Polychemotherapy + 31.3% (15.2–47.5, p < 0.0001) + 34.9% (15.8–54.0, p < 0.0001) + 17.0% (− 12.6–46.6, p = 0.261)

Fig. 1   Kaplan Meier curve 
according to MPV ≥ Q1 vs. 
MPV < Q1 for recurrence free 
survival in the adjuvant setting
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Yet the prognostic and predictive value of MPV might 
be varyingly strong in different cancer entities. Despite a 
relatively large sample size in many settings, the results of 
our study failed to reach significance in most cases, indi-
cating that MPV is only a weak predictor for disease out-
come in CRC. Since to date only positive, significant results 
regarding the association of MPV and CRC prognosis have 
been published a possible publication bias must be consid-
ered. Therefore, taking the results of the present study into 
account further research is warranted to clarify the impact 
of MPV on CRC prognosis.

Some limitations of this study are worth to be mentioned. 
First, selection bias cannot be excluded entirely due to the 
retrospective single center study design. Second, we did 
not exclude patients with conditions that might influence 

laboratory MPV values as did other studies before, but we 
think that therefore our results are closer and more relevant 
to clinical practice. The intention was to analyze a potential 
biomarker applicable for many CRC patients in different set-
tings rather than for a selected cohort. All patients included 
in this study who underwent surgery or received chemother-
apy were fit enough for treatment, and therefore altered MPV 
levels due to other severe diseases seem unlikely. Third, the 
relatively small sample size in later treatment lines must be 
noticed.

In conclusion, the prognostic and predictive role of MPV 
in CRC patients remains unclear. Based on our study results, 
MPV is a weak biomarker in CRC and therefore hardly via-
ble for clinical practice.

Table 3   Uni and multivariable predictors of clinical outcomes in the adjuvant setting, first, second, third line metastastic setting, and best sup-
portive care

Hazard ratio of 3-year RFS (recurrence free survival), 6-months PFS (progression free survival) and 6-months OS (overall survival) per 1fL 
increase of MPV
BSC best supportive care, RFS recurrence free survival, PFS progression free survival, OS overall survival, HR hazard ratio, CI confidence inter-
val, P p value, MPV mean platelet volume, N/A not applicable

Variables 3-year RFS in the 
adjuvant setting [HR 
(95% CI p)]

6-month PFS in 1st 
line [HR (95% CI p)]

6-months PFS in 2nd 
line [HR (95% CI p)]

6-months PFS in 3rd 
line [HR (95% CI p)]

6-months OS in BSC 
[HR (95% CI p)]

Univariable analysis
 MPV (per 1 fL 

increase)
0.96 (0.82–1.12, 

p = 0.600)
0.82 (0.67–1.00, 

p = 0.053)
0.82 (0.63–1.06, 

p = 0.136)
0.87 (0.62–1.22, 

p = 0.424)
0.81 (0.67–0.98, 

p = 0.031)
Other predictors–Univariable analysis
 Age (per 10 years 

increase)
1.14 (0.95–1.36, 

p = 0.164)
1.12 (0.91–1.37, 

p = 0.284)
1.01 (0.80–1.27, 

p = 0.920)
1.34 (0.88–2.04, 

p = 0.179)
0.69 (0.59–0.81, 

p < 0.0001)
 Right side N/A 1.23 (0.78–1.95, 

p = 0.370)
0.78 (0.44–1.37, 

p = 0.383)
1.23 (0.57–2.63, 

p = 0.597)
1.56 (1.07–2.29, 

p = 0.022)
 Right side in KRAS-

wt
N/A 1.31 (0.70–2.45, 

p = 0.398)
1.34 (0.67–2.68, 

p = 0.412)
1.58 (0.52–4.79, 

p = 0.423)
1.62 (0.98–2.70, 

p = 0.062)
 Stage III (vs. Stage 

II)
2.14 (1.29–3.53, 

p = 0.003)
N/A N/A N/A N/A

 Adjuvant chemo-
therapy

0.69 (0.45–1.07, 
p = 0.099)

N/A N/A N/A N/A

 Polychemotherapy N/A 0.51 (0.33–0.77, 
p = 0.002)

0.67 (0.411.09, 
p = 0.104)

0.94 (0.47–1.86, 
p = 0.857)

N/A

 Metachronous 
metastases

N/A 0.98 (0.63–1.52, 
p = 0.916)

1.13 (0.70–1.83, 
p = 0.616)

1.22 (0.61–2.48, 
p = 0.573)

0.71 (0.47–1.07, 
p = 0.105)

Multivariable analysis Adjusted for Stage III Adjusted for poly-
chemotherapy

Adjusted for poly-
chemotherapy

Adjusted for poly-
chemotherapy

Adjusted for age and 
right side

 MPV (per 1fL 
increase)

0.95 (0.81–1.12, 
p = 0.556)

0.83 (0.68–1.02, 
p = 0.074)

0.81 (0.62–1.05, 
p = 0.113)

0.87 (0.62–1.22, 
p = 0.426)

1.11 (0.93–1.33, 
p = 0.248)

 Stage III (vs. Stage 
II)

2.14 (1.30–3.54, 
p = 0.003)

N/A N/A N/A N/A

 Polychemotherapy N/A 0.52 (0.34–0.80, 
p = 0.003)

0.65 (0.40–1.06, 
p = 0.085)

0.94 (0.48–1.87, 
p = 0.867)

0.80 (0.60-0.97, 
p = 0.021)

 Age (per 10 years 
increase)

N/A N/A N/A N/A 0.75 (0.63–0.89, 
p = 0.001)

 Metachronous 
metastasis

N/A N/A N/A N/A 1.65 (1.10–2.47, 
p = 0.016)
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