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Abstract

Background: Platelets have been reported to influence tumor biology and may promote me-
tastasis. Traditionally, thrombocytopenia, a hallmark of cirrhosis, was associated with hepato-
cellular carcinoma (HCC) development. However, the impact of platelet count on outcome in
patients with established HCC is not well studied. Methods: Outcomes of patients with cir-
rhosis diagnosed with HCC between 1995 and 2013 (derivation cohort) and 2000-2016 (vali-
dation cohort) who were not eligible for surgical treatment and did not receive antiplatelet
therapy were retrospectively studied. Thrombocytopenia was defined as platelet count <150
g/L. High mean platelet volume (MPV) was defined as >median value of the respective cohort
(derivation cohort: 211 fL; validation cohort: >10.6 fL). Results: Among 626 patients with un-
resectable HCC, thrombocytopenia was present in 378 (60.4%) and was associated with favor-
able baseline tumor characteristics: lower diameter of the largest nodule (5.6 + 3.2 vs. 7.6 +
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4.2 cm), less extrahepatic spread (9.5 vs. 20.2%, both p < 0.001), less macrovascular invasion
(21.2vs. 31.0%, p = 0.005), and lower BCLC stages (63.0 vs. 73.4% BCLC C/D; p = 0.007) as com-
pared to patients with normal platelet count. On univariate analysis, thrombocytopenia and
larger MPV were associated with longer overall survival (OS) (thrombocytopenia: median OS
[95% Cl], 11.5 [9.3-13.8] vs. 5.5 [3.8-7.1] months; p = 0.001; MPV >11 fL: 11.7 [9.1-14.2] vs. 6.0
[4.4-7.6] months; p < 0.001). In multivariate analysis, the combined variable of thrombocyto-
penia and larger MPV was independently associated with longer OS (HR [95% Cl], 0.80 [0.65-
0.98]; p = 0.029). These results were confirmed in an independent external validation cohort
of 525 patients with cirrhosis and HCC. Again, patients with thrombocytopenia and high MPV
had significantly longer OS (15.3 [11.7-18.9] vs. 9.3 [7.4-11.2] months; p < 0.001). Conclusions:
Thrombocytopenia and higher MPV are associated with better outcome in patients with ad-
vanced HCC. These findings may prompt further clinical research on additive antiplatelet
therapy in the prevention and management of HCC. © 2018 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) usually develops in patients with liver cirrhosis [1, 2].
Prognosis of HCC is not only associated with tumor characteristics but also with the degree
of underlying liver disease [3]. Overall, HCC represents the second leading cause of cancer-
related death in men and the sixth leading cause of cancer-related death in women, respec-
tively [4]. It is estimated that only 40% of HCCs are diagnosed in early stages [5], when
patients are amenable to curative treatments, such as surgical resection, local ablation, or
liver transplantation [1, 6]. In advanced stages, only palliative treatments can be provided,
and overall survival (0S) is limited but highly variable depending on tumor characteristics
[7]. Biochemical markers predicting the individual patient’s survival are currently being
studied in the setting of HCC not eligible for surgery [8, 9].

Evidence from several sources has recently suggested that thrombocytes have multiple
functions other than thrombosis and hemostasis and that they play an important role in
inflammation, immunity, malignancy, and organregeneration [10, 11]. In vitro studies showed
that tumor cells can aggregate thrombocytes [12] and may “use” platelet aggregates as
“shield” for protection from immune-cell-mediated clearance [13]. Platelets may also promote
formation of metastasis [14]. In line with this, recent clinical data showed a correlation of
elevated thrombocyte counts and worse prognosis in several cancer entities [15-18] as well
as an increased risk of distant metastasis [19, 20] and recurrence of disease after liver trans-
plantation [21] in patients with HCC. Prophylactic treatment with daily acetylsalicylic acid
significantly reduced the risk of adenocarcinoma development [22]. Therefore, medication
inhibiting platelet function may be helpful as an additive treatment for several cancer entities
[23].

In contrast, thrombocytopenia, which is a hallmark of advanced liver disease and portal
hypertension, has been associated with HCC development in cirrhotic patients with hepatitis
C infection [24, 25]. However, it is unclear if thrombocytopenia per se favors HCC or is just a
marker of more severe liver disease [24]. Furthermore, a lower mean platelet volume (MPV)
was found to be an independent predictor of a reduced OS in patients with various cancer
entities (excluding HCC) [26-28] with an especially pronounced effect in patients with
localized solid tumors [29]. However, currently there is limited knowledge on the impact of
platelet indices on tumor biology, outcomes, and survival in patients with established HCC
[30].
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patocellular carcinoma.

The aim of this study was to evaluate (a) the prognostic impact of platelet counts and
indices in cirrhotic patients with HCC, and (b) the clinical impact of platelet indices within
different BCLC stages in order to reveal a patient population potentially profiting most from
additive antiplatelet therapy.

Materials and Methods

Study Design

Patients diagnosed with HCC between 1995 and 2013 at the Division of Gastroenterology, Medical
University of Vienna, were retrospectively included (derivation cohort). Furthermore, results were confirmed
in an independent cohort of patients with cirrhosis and HCC diagnosed between 2000 and 2016 at Hannover
Medical School (validation cohort). Diagnosis of liver cirrhosis was either established by liver histology or a
combination of typical radiographic, clinical, and laboratory findings. HCC was diagnosed either by histology
or dynamic imaging (computed tomography/magnetic resonance imaging scans) according to the European
Association for the Study of the Liver (EASL) guidelines [1]. The retrospective data analysis was approved by
the local ethics committee of the Medical University of Vienna.

Patients and Definitions

Patients treated with liver surgery or on antiplatelet therapy, noncirrhotic patients, and those with
insufficient records were excluded from the study. Patient characteristics and information on important life-
style factors (e.g., alcohol consumption), laboratory parameters including platelet counts and indices, tumor
characteristics, and general performance status (ECOG-PS) were collected from the clinical documentation
system at the time of diagnosis and until the death of the patient or last contact. According to the primary
study aim, patients were divided into four groups according to the presence of thrombocytopenia (platelet
count <150 g/L, lower limit of normal) and MPV (MPV </> median value of the respective cohort; derivation
cohort: 211 fL, validation cohort: 210.6 fL). Liver function at baseline was assessed by MELD and Child-Pugh
score [31].

Mean Platelet Volume

MPYV describes the size of thrombocytes and reflects thrombocyte activity as shown by an association
with platelet aggregation and thromboxane B2 release [29]. This parameter is measured routinely in our
institution by using a Sysmex XE-2100 hematology analyzer.

Statistics

Statistical analyses were performed using IBM SPSS Statistics 23 (SPSS Inc., Armonk, NY, USA) and
GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA). Continuous variables are reported as mean *
standard deviation or median (range), and categorical variables are shown as numbers (n) and proportions
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Table 1. Baseline demographics and tumor characteristics

Derivation cohort

Validation cohort

Patients 626 (100%) 525 (100%)
Age, years 64+9.1 (32-87) 64+10 (24-87)
Sex

Male 506 (81%) 389 (74%)

Female 120 (19%) 136 (26%)
Diabetes

NIDDM 138 (22%) 203 (39%)

IDDM 69 (11%)

None 419 (67%) 322 (61%)
BMI 27+5.0 27+4.8
Etiology

Alcohol 293 (47%) 179 (34%)

HCV 200 (32%) 149 (28%)

HBV 42 (7%) 73 (14%)

NASH 14 (2%) 63 (12%)

Other 77 (12%) 61 (12%)
Child-Pugh

A 234 (38%) 199 (37%)

B 227 (36%) 250 (48%)

C 165 (26%) 76 (15%)
ECOG PS

0 288 (46%) 256 (49%)

>1 338 (54%) 265 (51%)
Largest tumor

<5cm 286 (46%) 261 (50%)

>5 cm 340 (54%) 205 (39%)
Macrovascular invasion

No 469 (75%) 375 (71%)

Yes 157 (25%) 133 (25%)

Extrahepatic metastases
No
Yes
BCLC stage
A
B
C
D
First-line therapy
PEI/RFA /MWA
TA(C)E
Sorafenib
BSC
Other
Thrombocytes, g/L
MPV, fL

540 (86%)
86 (14%)

72 (12%)
134 (21%)
252 (40%)
168 (27%)

123 (20%)
165 (26%)
49 (8%)
151 (24%)
138 (22%)
150+86
11+1.3

481 (92%)
36 (7%)

76 (14%)
126 (24%)
243 (47%)

80 (15%)

88 (17%)
187 (36%)
3(-)
181 (34%)

66 (13%)
144476
10.5+1.5

Data are presented as mean * SD (range) or as stated. NIDDM, non-insulin dependent diabetes mellitus;
IDDM, insulin-dependent diabetes mellitus; BMI, body mass index; HCV, hepatitis C virus; HBV, hepatitis B
virus; NASH, non-alcoholic steatohepatitis; ECOG PS, Eastern Cooperative Oncology Group performance
status; BCLC, Barcelona Clinic Liver Cancer; PEI, percutaneous ethanol injection; RFA, radiofrequency
ablation; MWA, microwave ablation; TA(C)E, transarterial (chemo)embolization; BSC, best supportive care;
MPV, mean platelet volume.
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(%) of patients. Comparisons of proportions and of continuous variables were performed by the x? test and
Student t test, respectively. OS was defined as the time from date of diagnosis (biopsy if available or diag-
nostic imaging) until date of death or last contact. Survival curves were calculated by the Kaplan-Meier
method. Univariate analyses were performed by the log rank test. Multivariate Cox regression analysis was
used for evaluation of prognostic parameters associated with mortality. A two-sided p value <0.05 was
considered statistically significant.

Results

Patients

Among 1,050 patients diagnosed with HCC at the Medical University of Vienna, 212
patients who underwent surgical resection, 49 without cirrhosis, and 68 on antiplatelet
therapy were excluded from the study. Additional 95 patients with insufficient records had
to be excluded. A final cohort of 626 patients with HCC was included in the derivation cohort.
A total of 525 patients were included in the validation cohort (Fig. 1).

Patient Characteristics

Derivation Cohort

The majority of patients were male (81%) with a mean age of 64 *+ 9.1 years. Alcohol
abuse (47%) was the main etiology of liver cirrhosis, followed by viral hepatitis C (32%) and
B (7%). While 38% of patients presented with Child-Pugh stage A, the remaining 62% had
advanced liver disease (Child-Pugh B/C), which was also reflected by an overall MELD of 13
+ 5.8 points. Most patients had intermediate-advanced HCC (BCLC stage B: 21%, C: 40%).
Thrombocytopenia was present in 378 (60.4%) (Table 1).

Validation Cohort

Detailed patient characteristics are shown in Table 1. In summary, the majority of patients
were male (74%) with a mean age of 64 + 10 years. Three out of 4 patients had intermediate-
advanced HCC (BCLC stage B: 24%, C: 47%) .

Association of Platelet Count and MPV with Characteristics of Tumor and Liver Disease

Notably, patients with thrombocytopenia had a significantly smaller diameter of the
largest tumor at diagnosis when compared to patients with a normal platelet count or above
(5.6 £3.2vs.7.6 +4.2 cm, p <0.001; Table 2; see online suppl. Table 2; for all online suppl.
material, see www.karger.com/doi/10.1159/000489833). Furthermore, in patients with
thrombocytopenia, extrahepatic spread (9.5 vs. 20.2%, p < 0.001) and macrovascular invasion
(21.2 vs. 31.0%, p = 0.005) were less common, and these patients had lower BCLC (63.0 vs.
73.4% BCLC C/D, p = 0.007) and ECOG stages (50.0 vs. 60.1% ECOG PS 21, p = 0.013).

Patients with an MPV >11 fL at diagnosis had lower Child-Pugh stage and MELD scores
(Table 2). Interestingly, patients with thrombocytopenia and high MPV had significantly
more often lower grade tumors (according to Edmondson & Steiner) compared to patients
with other platelet indices (13.9 vs. 22.0% patients with tumor grade G3/G4; p = 0.033) (see
online suppl. Table 2).

Univariate and Multivariate Analysis

Derivation Cohort

The median OS of all patients was 8.7 months; 527 (84.2%) patients died during the study
period.

Next to established prognostic factors for HCC (Table 3), patients with thrombocytopenia
had a significantly longer OS compared to patients with normal platelet counts >150 g/L
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Table 2. Association of platelet count and mean platelet volume with characteristics of tumor and liver
disease (derivation cohort)

Platelets Normal platelet count ~ Thrombocytopenia p value
(2150 g/L) (<150 g/L)
Patients 248 (39.6%) 378 (60.4%)

Largest tumor, cm

7.6%4.2

5.6+3.2

<0.001 (ttest)

Extrahepatic spread 50/248 (20.2%) 36/378 (9.5%) <0.001 (9
Macrovascular invasion 77/248 (31.0%) 80/378 (21.2%) 0.005 (x?)
BCLC stages C+D 182/248 (73.4%) 238/378 (63.0%) 0.007 (x?)
ECOG PS 21 149/248 (60.1%) 189/378 (50.0%) 0.013 (%)
MPV 211 fL <11 fL p value
Child-Pugh stage, n 305 (100%) 321 (100%) 0.007 (x?)
A 128 (42.0%) 106 (33.0%)
B 113 (37.0%) 114 (35.5%)
C 64 (21.0%) 101 (31.5%)
MELD 11.5 (8.9-15.0) 12.3 (9.5-16.7) 0.010 (Mann-Whitney U)

BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status;
MPV, mean platelet volume; MELD, model for end-stage liver disease.

(median OS [95% CI],11.5[9.3-13.8] vs. 5.5 [3.8-7.1] months; p=0.001). Since only 6 patients
(1%) showed an MPV below the normal range (7 fL), we decided to split the patients into two
groups according to the median MPV (</>11 fL). Patients with an MPV >11 fL had a signifi-
cantly better prognosis when compared to patients with a lower MPV (median OS [95% CI],
11.7 [9.1-14.2] vs. 6.0 [4.4-7.6] months; p < 0.001). Next, we combined the two variables
platelet count and platelet volume into a common index and found that the group of patients
with thrombocytopenia (<150 g/L) and a high MPV (=211 fL) had a significantly longer OS
(median OS [95% CI], 14.5 [12.4-16.6] months) compared to the three other groups (platelet
count low + MPV low, platelet count high + MPV low, platelet count high + MPV high). Thus,
we finally grouped the latter three to one group in order to form a dichotomous variable (“low
platelets + high MPV” vs. “all other groups”). Again, the newly formed variable was signifi-
cantly associated with OS (Table 3; Fig. 2).

Importantly, the variable “low platelets + high MPV” remained an independent prognostic
factor for OS (HR [95% CI], 0.80 [0.65-0.98]; p = 0.029) (Table 4) in multivariate analysis
adjusting for etiology ofliver disease, BCLC and Child-Pugh stage, tumorload, ECOG PS, vascular
invasion, and extrahepatic spread as well as first line treatment. The prognostic impact of “low
platelets + high MPV” was most pronounced in patients with BCLC stage C (median OS [95%
CI], 11.6 [8.7-14.6] months vs. 5.7 [4.6-6.8] months; p = 0.007; Fig. 3a) and BCLC stage D
(median OS [95% CI], 5.0 [3.1-6.9] vs. 1.6 [1.3-1.9] months, p = 0.001; Fig. 3b). No significant
differences were found in BCLC stage A and B patients (see online suppl. Table 3).

In order to exclude a potential bias of changes in treatment over time (e.g., approval of
sorafenib), Kaplan-Meier analysis was performed in patients diagnosed before and after
2007. In total, 426 patients were diagnosed before and 200 patients in 2007 or later. Again,
patients presenting with thrombocytopenia (<150 g/L) and a high MPV (>11 fL) at baseline
had a significantly longer OS in both subgroups (before 2007, 0S: 14.0 [11.2-16.7] vs. 4.3
[3.0-5.6], p < 0.001; in 2007 or later, OS: 16.3 [10.5-22.2] vs. 10.5 [8.5-12.5], p = 0.012) (see
online suppl. Fig. S1).
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Table 3. Univariate analysis of prognostic factors (derivation cohort)

n Overall survival, months p value
median 95% CI (e el
Age
<65 years 335 6.9 4.9-9.0 0.025
>65 years 291 10.5 8.1-12.9
Etiology
Alcohol 293 8.1 5.7-10.5 0.011
HCV 200 11.7 8.8-14.6
HBV 42 43 2.6-6.0
NASH 14 16.2 9.2-23.2
Other 77 6.1 3.6-8.5
Child-Pugh
A 234 15.8 12.7-18.9 <0.001
B 227 9.6 6.7-12.5
C 165 2.3 1.7-2.9
Ascites
No 292 16.2 13.2-19.2 <0.001
Yes 334 4.0 3.2-4.8
Largest tumor
<5cm 286 14.3 11.9-16.7 <0.001
>5cm 340 5.4 4.4-6.4
ECOG PS
0 288 18.8 15.7-22.0 <0.001
=1 338 3.8 3.2-45
Macrovascular invasion
No 469 11.6 9.5-13.7 <0.001
Yes 157 3.8 2.3-5.3
Tumor extent
Unifocal 222 13.2 10.4-16.0 <0.001
Multifocal 404 7.2 5.4-9.0
Extrahepatic spread
No 540 11.5 9.0-13.1 <0.001
Yes 86 33 2.2-4.3
BCLC
A 72 39.1 15.6-62.5 <0.001
B 134 20.8 17.0-24.7
C 252 6.5 5.1-7.9
D 168 2.3 1.7-2.8
First-line therapy
PEI/RFA 123 22.4 15.1-29.7 <0.001
TACE 165 15.5 14.0-17.1
Sorafenib 49 8.0 4.8-11.1
BSC 151 1.7 1.1-2.3
Other 138 5.1 3.9-6.4
Platelet volume
<11fL 321 6.0 4.4-7.6 <0.001
>11fL 305 11.7 9.1-14.2
Platelet count
<150,000 cells 378 11.5 9.3-13.8 0.001
>150,000 cells 248 5.5 3.8-7.1
Platelet numbers + indices
Platelet low, MPV low 168 6.8 3.3-10.2 <0.001
Platelet low, MPV high 208 14.5 12.4-16.6
Platelet high, MPV low 153 4.9 3.1-6.7
Platelet high, MPV high 97 6.0 3.2-8.9
Low platelets + high MPV
Yes 208 14.5 12.4-16.6 <0.001
No 418 6.0 4.5-7.5

HCV, hepatitis C virus; HBV, hepatitis B virus; NASH, non-alcoholic steatohepatitis; ECOG PS, Eastern
Cooperative Oncology Group performance status; BCLC, Barcelona Clinic Liver Cancer; PEI, percutaneous
ethanolinjection; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; BSC, best supportive
care; MPV, mean platelet volume.

KARGER



Liver
Cancer

Liver Cancer 2019;8:203-217

210

DOI: 10.1159/000489833

© 2018 S. Karger AG, Basel
www.karger.com/lic

Scheiner et al.: Platelets and HCC

100 =+ Other groups 100 H + Other groups
+ Low platelets + high MPV 1 <+ Low platelets + high MPV
50 50 4
log-rank test: p < 0.001 log-rank test: p < 0.001
0 T T T T 1 0 T T T T 1
0 12 24 36 48 60 0 12 24 36 48 60
a Overall survival, months b Overall survival, months
Fig. 2. Comparison of survival between patients with a platelet count <150 g/L and a high mean platelet vol-
ume (MPV) vs. patients with other platelet characteristics in the derivation cohort (MPV >11 fL; a) and vali-
dation cohort (MPV >10.6 fL; b).
100 + Index neg. 100 H < Index neg.
+ Index pos. -+ Index pos.
|
R & \
g g
€ 50 =50
g 2
= g
3 a
log-rank test: p = 0.007 ! log-rank test: p < 0.001 o ]
0 T T T T 1 0 T T T T i
0 12 24 36 48 60 0 12 24 36 48 60
a Time, months b Time, months

Fig. 3. Comparison of survival between patients with a platelet count <150 g/L and a mean platelet volume
(MPV) >11 fL vs. patients with other platelet characteristics in Barcelona Clinic Liver Cancer (BCLC) stage C
(a) and BCLC stage D (b) patients in the derivation cohort.

Validation Cohort

Similar to the derivation cohort, patients with thrombocytopenia (<150 g/L, 0S: 12.9 [10.7-
15.1] vs. 7.5 [5.5-9.5]; p = 0.003) and high MPV (0S 12.8 [9.6-16.0] vs. 9.4 [7.3-11.6]; p = 0.001)
had a significantly longer OS when compared to patients with other indices (see online suppl.
Table 1). Furthermore, the compound variable identified patients with a significantly longer OS
(15.3 [11.7-18.9] vs. 9.3 [7.4-11.2]; p < 0.001). In multivariate analysis adjusting for other
important prognostic factors, presence of thrombocytopenia and a high MPV was independently
associated with a 249% risk reduction for death (HR 0.76 [0.60-0.95], p = 0.015) (Table 5).
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Table 4. Multivariate analysis of prognostic factors (derivation cohort)

Overall survival

p value
(Cox regression)

HR 95% CI

Etiology

Alcohol 1

HCV 0.91 0.74-1.12 0.357

HBV 1.97 1.38-2.82 <0.001

NASH 0.95 0.50-1.81 0.879

Other 1.35 1.02-1.78 0.037
Child-Pugh stage

A 1

B 1.24 0.97-1.57 0.084

C 1.31 0.40-4.32 0.661
Ascites

No 1

Yes 1.57 1.26-1.95 <0.001
BCLC stage

A 1

B 1.09 0.73-1.63 0.661

C 1.05 0.68-1.61 0.838

D 1.61 0.46-5.68 0.462
Largest tumor

<5cm 1

>5cm 1.39 1.14-1.69 0.001
Tumor extent

Unifocal 1

Multifocal 1.50 1.22-1.84 <0.001
ECOG PS

0 1

>1 1.56 1.17-2.09 0.003
Macrovascular invasion

No 1

Yes 1.72 1.35-2.20 <0.001
Extrahepatic spread

No 1

Yes 1.63 1.24-2.13 <0.001
First-line treatment

PEI/RFA/MWA 1

TA(C)E 1.40 1.05-1.86 0.021

Sorafenib 1.22 0.79-1.90 0.371

Other 2.00 1.49-2.68 <0.001

BSC 3.65 2.65-4.94 <0.001
Low platelets + high MPV

No 1

Yes 0.80 0.65-0.98 0.029

HCV, hepatitis C virus; HBV, hepatitis B virus; NASH, non-alcoholic steatohepatitis; BCLC, Barcelona Clinic
Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; PEI, percutaneous ethanol
injection; RFA, radiofrequency ablation; MWA, microwave ablation; TA(C)E, transarterial (chemo)emboli-

zation; BSC, best supportive care; MPV, mean platelet volume.
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Table 5. Multivariate analysis of prognostic factors (validation cohort)

Overall survival

p value
(Cox regression)

HR 95% CI

Child-Pugh score

A 1

B 1.58 1.23-2.03 <0.001

C 1.65 0.48-5.69 0.425
Ascites

No 1

Yes 1.41 1.11-1.81 0.005
BCLC stage

A 1

B 0.88 0.59-1.31 0.517

C 0.80 0.48-1.33 0.392

D 111 0.32-4.03 0.836
Largest tumor

<5cm 1

>5cm 1.12 0.90-1.40 0.317
Tumor extent

Unifocal 1

Multifocal 1.23 0.95-1.60 0.123
ECOG PS

0 1

>1 1.16 0.80-1.67 0.442
Macrovascular invasion

No 1

Yes 1.44 1.06-1.95 0.019
Extrahepatic spread

No 1

Yes 1.81 1.15-2.85 0.010
First-line treatment

PEI/RFA/MWA 1

TACE 1.28 0.91-1.79 0.156

Sorafenib 1.37 0.33-5.80 0.666

BSC 4.74 3.30-6.80 <0.001

Other 1.18 0.75-1.85 0.473
Low platelets + high MPV

No 1

Yes 0.76 0.60-0.95 0.015

BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status;
PEI, percutaneous ethanol injection; RFA, radiofrequency ablation; MWA, microwave ablation; TACE, trans-
arterial chemoembolization; BSC, best supportive care; MPV, mean platelet volume.

Discussion

Thrombocytopenia is a common finding in patients with liver cirrhosis and is associated
with increased morbidity and mortality [32]. Furthermore, it was thought to be a risk factor
for the development of HCC [25]. However, it is unclear if thrombocytopenia per se is a risk
factor for HCC development or just a phenomenon of more advanced liver disease, asso-
ciated with an increased HCC incidence. Recently, platelets received considerable attention
in tumor biology [12, 33-35]. Several studies showed that thrombocytosis, not thrombocy-
topenia, is associated with more frequent distant metastasis in various cancer entities [19,
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33, 36, 37]. However, the cellular and molecular mechanisms remain unclear; it might well
be that thrombocytosis “just” reflects cancer-driven systemic inflammation. In cirrhotic
patients with a high prevalence of hepatic dysfunction, portal hypertension, and spleno-
megaly/hypersplenism, the pathophysiology of thrombocytopenia is more complex per se
[38, 39].

In our large cohort of 626 cirrhotic HCC patients not eligible for surgery, thrombocyto-
penia was associated with smaller tumors and a two times longer OS when compared to
patients with a platelet count within the normal range or above. This is in line with other
studies showing an association of thrombocytopenia and smaller tumor size when compared
to patients with higher platelet counts [40-42]. Pathophysiologically, it was shown that
platelets play a proinflammatory role in the course of chronic liver disease. lannacone et al.
[43] demonstrated that activated platelets cause an intrahepatic cytotoxic T lymphocyte
accumulation and organ damage in a mouse model of acute viral hepatitis. Furthermore,
platelets release serotonin, which on the one hand has an important role in liver regeneration
[44], but on the other hand also exerts direct tumor-promoting effects on HCC cells. A
preclinical study found that serotonin is involved in growth of HCC by activating downstream
targets of the mammalian target of rapamycin [45].

Next, we found that higher MPV was also associated with a significantly longer OS. While
previous studies in non-cancer patients suggested that larger thrombocytes are functionally
more active and elevated MPV was associated with various thrombotic events and a worse
outcome [46, 47], a higher MPV was associated with a significantly increased survival in
patients with various solid tumors [29]. In this context, low MPV may reflect degranulated
“exhausted” platelets that have already secreted their potentially tumor growth-promoting
cytokines, and thus are associated with a worse outcome in cancer patients [48, 49].

Notably, in chronic hepatitis B and C patients, elevated MPV levels were suggested as a
marker of more advanced liver disease [50, 51]. Another study found an increase in MPV
during ascitic fluid infection [52]. However, a recent examination in patients with established
cirrhosis could not find an association of MPV levels and severity of cirrhosis or prognosis
[53].

While thrombocytopenia in cirrhosis has several reasons, low MPV in this setting is most
likely the result of reduced thrombopoietin (TPO) production and cirrhotic bone marrow
suppression [54]. Thus, we believe that higher MPV could also reflect a better remaining liver
function in terms of TPO production and bone marrow function.

Therefore, mechanistically, our findings may reflectless platelet-mediated tumor growth-
promoting effects (low platelets, higher MPV) and a better remaining liver function (higher
MPV). Accordingly, in our cohort, thrombocytopenia was strongly associated with less
aggressive tumor characteristics (such as smaller tumors, less extrahepatic metastasis and
vascular invasion), and higher MPV was associated with better liver function parameters
(such as lower Child-Pugh stage and a lower MELD). This hypothesis is further supported by
the fact that the impact of our combined variable was greatest in patients with more advanced
HCC stages and more severe liver dysfunction (BCLC C and D patients) as well as the lower
histological tumor grades in these patients. The fact that thrombocytopenia is indeed asso-
ciated with improved outcomes in most advanced stages is even more interesting when
considering that the level of thrombocytopenia also reflects severity of portal hypertension,
a major driver of complications in patients with cirrhosis [55]. Furthermore, it remains to be
established if tyrosine kinase inhibitors (such as sorafenib), which also inhibit platelet-
derived growth factor signalling [56, 57], interfere with the effects of thrombocytopenia in
HCC. However, a subgroup analysis in patients diagnosed before and after the approval of
sorafenib showed that even though OS improved in the whole cohort, patients presenting
with thrombocytopenia and higher MPV still had a significantly better survival.
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This study underlines the important role of platelets in the natural course of HCC. Up to
now, studies reported that patients with thrombocytosis had a reduced OS per se. However,
we could show that not only the overall platelet count was determining survival, but also and
especially the degranulation status of these platelets is important. This theory is supported
by the fact that thrombocytosis alone was only borderline significant in multivariate analysis
(data not shown).

Furthermore, this study suggests a potential role for antiplatelet therapy. In fact, a
prospective study analyzing over 300,000 patients showed that patients receiving acetylsal-
icylic acid had a significantly lower risk of developing HCC [58]. Antiplatelet therapy could
also prevent HCC in a mouse model of chronic hepatitis B [59].

Even though routine screening programs in patients with chronic liver disease often
allow earlier identification of patients with HCC, the number of patients diagnosed in advanced
tumor stages is still high in Western countries [60, 61]. For these patients, sorafenib was the
only approved treatment for almost a decade until the recent approval of the multi-tyrosine
kinase inhibitor regorafenib as second-line therapy [62]. Other tyrosine kinase inhibitors,
namely lenvatinib and cabozantinib [63, 64], have already demonstrated efficacy in phase II1
trials and will certainly help to improve the outcome of patients with advanced-stage HCC.
Additionally, immunotherapy as a new treatment strategy is becoming more and more
available, and driven by the promising data of nivolumab (CheckMate 040 study) [65], immu-
notherapy is increasingly used off-label as last-line option in patients otherwise admitted to
best supportive care [66].

The main limitation of this study is the retrospective nature with all its possible short-
comings (e.g., potential impact of unmeasured confounders). Due to the retrospective design, our
results have a hypothesis-generating character. Importantly, we were able to reproduce our
results in a large external independent validation cohort, which further strengthens the validity
of ourresults. However, randomized controlled trials are needed to confirm our findings prospec-
tively. Additionally, as thrombocytopenia reflects more advanced liver disease, patients with
thrombocytopenia might generally be screened more rigorously for HCC. To minimize this
potential bias, we excluded patients without liver cirrhosis, who do not frequently undergo HCC
surveillance. However, to the best of our knowledge, this is the first study using an index of
thrombocytopenia and MPV as a compound variable in two large cohorts of HCC patients. These
simple parameters allow an estimation of a favorable prognosis in cirrhotic HCC patients.

In summary, we found that thrombocytopenia and higher MPV were associated with
improved survival in cirrhotic patients with unresectable HCC, independent of other estab-
lished prognostic tumor- and liver-related variables. These findings may prompt further
clinical research on additive antiplatelet therapy in the prevention and management of HCC.
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