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SUMMARY A low platelet count, one of parameters of portal hypertension, is clinically a predictor of

postoperative mortality, while platelets induce tumor development during growth factor secretion. In
this study, we retrospectively investigated whether high platelet count negatively affects the survival
of patients with hepatocellular carcinoma (HCC). Patients undergoing initial and curative resection
for HCC were included. Surgical outcomes were compared between the high platelet (platelet count
>20 x 10%/uL) and control (< 20 x 10*/uL) groups in patients without cirrhosis and between the low
platelet (< 10 x 10*/uL) and control (> 10 x 10%/uL) groups in patients with cirrhosis. Among patients
without cirrhosis, tumor was larger (P < 0.001) and tumor thrombus was more frequent (P < 0.001)
in the high-platelet group than in the control group. After a median follow-up period of 3.1 years
(range 0.2-16.2), median overall survival was 6.3 years (95% confidence interval [CI], 5.3-7.8) and 7.6
years (6.6-10.9) in the high-platelet (» = 273) and control (n = 562) groups, respectively (P = 0.027).
Among patients with cirrhosis, liver function was worse (P < 0.001) and varices were more frequent (P
< 0.001) in the low-platelet group. The median overall survival of patients in the low-platelet group
(n=172) was significantly shorter than that of patients in the control group (n =275) (4.5 years [95%
CI, 3.7-6.0] vs. 5.9 years [4.5-7.5], P = 0.038). Taken together, thrombocytopenia indicates poor
prognosis in HCC patients with cirrhosis, while thrombocytosis is a poor prognostic predictor for

those without cirrhosis.

Keywords

1. Introduction

Portal hypertension is clinically defined based on the
presence of esophageal varices or splenomegaly and is
associated with a platelet count of less than 10 x 10
pL (7). Therefore, a low platelet count due to portal
hypertension is one of the risk factors for patients
undergoing resection for hepatocellular carcinoma
(HCC). The surgical outcomes for these patients are
worse, although these outcomes do not contradict with
the postoperative outcomes for patients with cirrhosis
(2-4). In addition to the cessation of bleeding and
thrombosis induction, platelets play a direct role in
hepatocyte proliferation by triggering the secretion of
several growth factors such as platelet-derived growth
factor, serotonin, transforming growth factor-B, and
hepatocyte growth factor (5-7). Clinically, platelets have
been reported to support the regeneration of remnant
liver after resection (8,9). A low platelet count has

growth factor, hepatocellular carcinoma, platelet, portal hypertension, prognostic predictor

served as a predictor of postoperative dysfunction and
postoperative mortality (/0,11).

However, in vitro studies have shown that platelets
also induce tumor growth, migration, and invasion
through the secretion of growth factors (/2,73) and could
antagonize sorafenib- or regorafenib-mediated tumor
growth suppression and apoptosis in HCC cells through
epidermal growth factor and insulin-like growth factor
1 release (/4). Clinically, early tumor recurrence and
shorter survival of patients with HCC are associated with
a high platelet count and serotonin level (/5,16). Patients
with a high platelet count or pretreatment platelet count
are also at risk of extrahepatic recurrence of HCC after
resection (/7,18) or recurrence after living donor liver
transplantation (79).

Given that platelet has multiple contrasting functions
in patients with HCC and that portal hypertension
negatively affects the platelet count, the clinical
significance of the platelet count in HCC patients with
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and without liver cirrhosis should be investigated in
great detail. In this study, we focused on the clinical
significance of platelet count in HCC patients undergoing
liver resection. To avoid the strong effect of portal
hypertension on the survival rate, patients with and
without liver cirrhosis were analyzed separately in this
series. We further compared surgical outcomes and tumor
progression in patients with HCC on the basis of platelet
count.

2. Materials and Methods
2.1. Patients

Patients who underwent initial and curative resection
for HCC between 2000 and 2018 at Nihon University
Itabashi Hospital (Tokyo, Japan) were included in
this study. Each participant provided written informed
consent, and this study was approved by the institutional
review board of Nihon University (RK-200512-4). All
clinical investigations were conducted according to the
principles of the Declaration of Helsinki.

2.2. Indications for liver resection

The indications for liver resection and other treatments
for patients with HCC were determined by assessing
their liver functional reserve according to Guidelines on
Liver Cancer Examination and Treatment in Japan (20).
Briefly, patients with Child-Pugh A or B with up to
three viable lesions were candidates for liver resection.

2.3. Patient groups

Among the patients who were histologically diagnosed
as not having liver cirrhosis after the operation, those
with a platelet count of > 20 x 10*/uL were included
in the high-platelet group. Among the patients with
cirrhosis, those with a platelet count of < 10 x 10/
pL were included in the low-platelet group. Clinical
characteristics and surgical outcomes were compared
between the high-platelet and control (platelet count <
20 x 10*/uL) groups in patients without cirrhosis and
between the low-platelet and control (platelet count >
10 x 10%/uL) groups in patients with cirrhosis.

2.4. Surgical procedures

Open liver resection was performed in all patients
according to the criteria based on the liver function (21).
Patients with a preoperative platelet count of < 10 X
10*/uL had platelet transfusion on the day of operation.
Anatomical resection was the first-line treatment. Major
resection included segmentectomy, hemihepatectomy,
and trisegmentectomy, while anatomic resection was
defined as liver resection over subsegmentectomy. The
liver was transected under ultrasonographic guidance

using the clamp-crushing method with the inflow-
blood-occlusion technique (22). Curative resection was
defined as the complete removal of recognizable viable
HCC diagnosed preoperatively or intraoperatively
with macroscopically tumor-free surgical margins.
Postoperative complications were stratified according
to the Clavien-Dindo classification (23), which defines
morbidities as complications with a score of > 3a.
Complications specific to liver resection were defined
as described previously (24).

2.5. Follow-up after operation

All patients were followed up for postoperative
recurrence as described previously (25). Briefly, the
levels of tumor markers including alpha-fetoprotein and
des-gamma-carboxy prothrombin were measured, and
imaging studies including computed tomography and
ultrasonography were performed every three months in
all patients. Tumor recurrence was diagnosed by dynamic
computed tomography and/or magnetic resonance
imaging. The date of recurrence was defined as the date
of examination when the recurrent HCC was noted.

2.6. Statistical analysis

Data collected from each group were statistically
analyzed with Fisher's exact test and Wilcoxon rank-sum
test. Survival curves were generated using the Kaplan-
Meier method and compared using the log-rank test.
Prognostic factors for overall survival were identified
with the Cox proportional hazards regression model.
Statistical analyses were performed using JMP 12.0.1
statistical software (SAS Institute, Cary, NC, USA). P <
0.05 was considered to indicate significance.

3. Results
3.1. Patients

The 1,282 patients who underwent initial and curative
resection for HCC were included (Figure 1). The median
platelet count for 835 patients (65.1%) without cirrhosis
was 18.6 x 10*/uL (range; 2.4-68.6). Two hundred
seventy-three patients (32.6%) with a platelet count of >
20 x 10*/uL were included into the high-platelet group.
By contrast, among the 447 patients (34.8%) who were
histologically diagnosed as having cirrhosis, the median
platelet count was 11.1 x 10%/uL (range 3.2-66.0) and
172 patients (38.4%) with a platelet count of < 10 x 10%/
pL were included in the low-platelet group.

For patients without cirrhosis, hepatitis C virus
infection (P < 0.001) and varices (P = 0.011) were less
frequent, liver functions such as Child-Pugh classification
(P = 0.013) and indocyanine green clearance rate at 15
minutes (P < 0.001) were better, and des-gamma-carboxy
prothrombin was higher (P < 0.001) in the high-platelet
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group than in the control group (Table 1). By contrast,
for patients with cirrhosis, hepatitis C virus infection (P
< 0.001) and varices (P < 0.001) were more frequent and
liver function parameters were worse (P < 0.001) in the
low-platelet group than in the control group (Table 2).

3.2. Operative data

For patients without cirrhosis, operation time was longer
(P < 0.001), the amount of blood loss was higher (P =

Resection for HCC (from 2001 to 2018)
n=1,707

Excluded
Non-curative resection n =47

Curative resection for HCC
n=1,660

Excluded
Repeated resection n =378

Initial resection for HCC
n=1,282

|
l |

Patients without cirrhosis Patients with cirrhosis
n=2835 n=447

Figure 1. Flowchart for patient selection.

Table 1. Patient background (without cirrhosis)

0.013), and major resection (P < 0.001) and anatomic
resection (P < 0.001) were more frequent in the high-
platelet group than in the control group (Table 3), but
complication rates except for bile leakage (P = 0.014)
and respiratory complications (P = 0.005) were not
significantly different between the two groups (Table
4). Histological findings showed that the tumor was in a
more advanced stage in the high-platelet group than in
the control group; the tumor was larger (P < 0.001) and
the tumor thrombus was more frequent (P < 0.001).

For patients with cirrhosis, the amount of blood loss
was higher (P = 0.015) and both major resection and
anatomic resection were less frequent (P < 0.001) in
the low-platelet group than in the control group (Table
5). Complication rates were not different between the
two groups (Table 6). Histological findings were not
significantly different between the low-platelet and
control groups.

Coefficients of determination (R) between platelet
count and tumor size were 0.164 and 0.015 in patients
without cirrhosis (P < 0.001) and those with cirrhosis (P
=0.008), respectively (Figure 2).

3.3. Survivals

For patients without cirrhosis, the median overall

Items High platelet (n = 273) Control (n = 562) P value
Age, years 69 (35-84) 70 (33-86) 0.314
Sex, male (%) 226 (82.7) 456 (81.1) 0.633
Alcoholic, n (%) 70 (25.6) 177 (31.4) 0.089
Diabetes mellitus, n (%) 90 (32.9) 190 (33.8) 0.875
HBYV, n (%) 39 (14.2) 102 (18.1) 0.169
HCV, n (%) 77 (28.2) 267 (47.5) <0.001
Varices, n (%) 18 (6.5) 70 (12.4) 0.011
Child-Pugh, A (%) 256 (93.7) 496 (88.2) 0.013
ICGRI15, % 9.4 (1.9-35.5) 12.4 (1.3-48.0) <0.001
Alpha-fetoprotein, ng/mL 8 (1-541,432) 11 (1-449,211) 0.725
DCP, mAU/mL 214 (9-75,000) 75 (1-75,000) <0.001

Data are presented as median with range, if not specified. HBV, hepatitis B virus; HCV, hepatitis C virus; ICGR15, indocyanine green clearance

rate at 15 minutes; DCP, des-gamma carboxyprothrombin.

Table 2. Patient background (with cirrhosis)

Items Low platelet (n = 172) Control (n =275) P value
Age, years 68 (32-81) 68 (40-85) 0.783
Sex, male (%) 108 (62.7) 193 (70.1) 0.120
Alcoholic, 1 (%) 36 (20.9) 69 (25.0) 0.359
Diabetes mellitus, n (%) 55(48.6) 96 (45.0) 0.560
HBYV, n (%) 20 (11.6) 51(18.5) 0.062
HCV, n (%) 130 (75.5) 161 (65.1) <0.001
Varices, n (%) 96 (55.8) 92 (33.4) <0.001
Child-Pugh, A (%) 99 (57.5) 228 (82.9) <0.001
ICGR15, % 19.4 (2.0-48.4) 14.4 (2.0-49.8) <0.001
Alpha-fetoprotein, ng/mL 32 (1-17,853) 18 (1-53,460) 0.182
DCP, mAU/mL 39 (7-35,203) 42 (1-60,300) 0.187

Data are presented as median with range, if not specified. HBV, hepatitis B virus; HCV, hepatitis C virus; ICGR15, indocyanine green clearance

rate at 15 minutes; DCP, des-gamma carboxyprothrombin.
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Table 3. Operative data (without cirrhosis)

Items High platelet (n =273) Control (n =562) P value

Operation data
Operation time, min 360 (107-855) 310 (97-1,004) <0.001
Bleeding, mL 298 (5-7,066) 252 (10-3,777) 0.013
Pringle time, min 80 (0-274) 68 (0-304) <0.001
Transfusion, n (%) 23 (8.4) 32(5.6) 0.139

Major resection, n (%) 99 (36.2) 83 (14.7) <0.001
Anatomic resection, 7 (%) 149 (54.5) 224 (39.8) <0.001

Pathology
Multiple, n (%) 61 (22.3) 134 (23.8) 0.663
Size, cm (range) 5.0 (0.8-21.0) 3.2 (0.5-20.0) <0.001
Differentiation grade, well, (%) 33 (12.0) 105 (18.6) 0.017
Vascular invasion, n (%) 105 (38.4) 147 (26.1) <0.001
Tumor exposure, 1 (%) 23 (8.4) 43 (8.2) 0.683

Data are presented as median, if not specified.

Table 4. Complications (without cirrhosis)

Items High platelet (n =273) Control (n = 562) P value

Overall, n (%) 84 (30.7) 194 (34.5) 0.309

Morbidity, n (%) 59 (21.6) 140 (24.9) 0.300
Intraperitoneal hemorrhage 1(0.3) 5(0.8) 0.669
Intraperitoneal abscess 8(2.9) 13 (2.3) 0.639
Bile leakage 18 (6.5) 16 (2.8) 0.014
Ascites 2(0.7) 3(0.5) 0.664
Portal thrombus 1(0.3) 1(0.1) 0.547
Wound infection 11 (4.0) 23 (4.0) 1
Respiratory 13 (4.7) 55(9.7) 0.005
Cardiovascular 1(0.3) 2(0.3) 1
Stroke 0 1(0.1) 1
Liver failure 0 0 1
Variceal rapture 0 1(0.1) 1
Ileus 0 4(0.7) 0.309
Perforation 1(0.3) 1(0.1) 0.547
Others 3(1.0) 15 (2.6) 0.203

Re-operation, n (%) 8(2.9) 13 (2.3) 0.639

Mortality, n (%) 0(0) 2(0.3) 1.000

Morbidity was defined as complication with score of > 3a.

Table 5. Operative data (with cirrhosis)

Items Low platelet (n = 172) Control (n =275) P value

Operation data
Operation time, min 316 (130-705) 305 (113-655) 0.884
Bleeding, mL 315 (20-4,530) 275 (5-2,988) 0.015
Pringle time, min 64 (0-266) 69 (0-230) 0.824
Transfusion, n (%) 15(8.7) 18 (6.5) 0.392
Major resection, 7 (%) 2(1.1) 17 (6.1) 0.013
Anatomic resection, 7 (%) 33 (19.1) 88 (32) 0.003

Pathology
Multiple, n (%) 55(31.9) 75(27.2) 0.287
Size, cm (range) 2.6 (0.7-10.5) 2.5(0.7-18.0) 0.781
Differentiation grade, well (%) 38 (22.0) 56 (20.3) 0.720
Vascular invasion, 7 (%) 30 (17.4) 56 (20.3) 0.462
Tumor exposure, 1 (%) 21 (12.2) 19 (86.9) 0.062

Data are presented as median, if not specified.

survival of patients in the high-platelet group was 6.3
years (95% confidence interval [CI], 5.3-7.8), which
was significantly shorter than that of patients in the
control group (7.6 years; 95% CI, 6.6-10.9; P = 0.027)

after a median follow-up period of 3.1 years (range 0.2-
16.2) (Figure 3A). By contrast, there was no significant
difference in the median recurrence-free survival
between the two groups (1.9 years, [95% CI, 1.5-2.2]
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vs. 2.1 years, [95% CI, 1.9-2.3]; P = 0.904) (Figure
3B). The overall survival and recurrence-free survival
rates at five years were 60.5% and 30.6% in the high-
platelet group, respectively, and 66.9% and 27.5% in
the control group, respectively.

For patients with cirrhosis, the median overall
survival of patients in the low-platelet group and the
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Figure 2. Scatter plots showing the correlation between tumor size
and platelet count. (A) Tumor size weakly correlated with platelet
count in patients without cirrhosis. (B) There was no correlation
between tumor size and platelet count in patients with cirrhosis.
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Figure 3. Survival outcomes following liver resection in patients
without cirrhosis. (A) Overall survival of patients in the high-
platelet count group was significantly shorter than that of patients in
the control group (P = 0.027). (B) Recurrence-free survival was not
significantly different between the two groups (P = 0.904). Study
group sizes are indicated (n).

Table 6. Complications (with cirrhosis)

control group was 4.5 years (95% CI, 3.7-6.0) and 5.9
years (95% CI, 4.5-7.5; P=0.038), respectively (Figure
4A). Recurrence-free survival was 1.8 years (95% CI,
1.5-2.0) and 2.0 years (95% CI, 1.6-2.4; P = 0.268),
respectively (Figure 4B). The 5-year overall survival
rates were 46.6% and 54.3%, and 5-year recurrence-
free survival rates were 15.7% and 21.4% in the two
groups, respectively.

4. Discussion

Our data showed that a high platelet count was associated
with liver cancer progression and, consequently, shorter
survival and early recurrence in patients without cirrhosis
who underwent resection for HCC. By contrast, a low
platelet count indicated poorer prognosis due to the
worse liver function in patients with cirrhosis. Thus,
according to the background chronic liver disease status,
platelet count harbored different predictive values for
patients with HCC.

Both experimental and clinical studies demonstrated
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Figure 4. Survival outcomes following liver resection in patients
with cirrhosis. (A) Overall survival of patients in the low-platelet
count group was significantly shorter than that of patients in the
control group (P = 0.038). (B) Recurrence-free survival was not
significantly different between the two groups (P = 0.268). Study
group sizes are indicated (n).

Items Low platelet (n = 172) Control (n =275) P value
Overall, n (%) 79 (45.9) 120 (43.6) 0.695
Morbidity, 7 (%) 61 (35.4) 92 (33.4) 0.682
Intraperitoneal hemorrhage 4(2.3) 6(2.1) 1
Intraperitoneal abscess 13 (7.5) 15(5.4) 0.423
Bile leakage 3(1.7) 8(2.9) 0.542
Ascites 2(1.1) 3(1.0) 1
Portal thrombus 0 1(0.3) 1
Wound infection 6(3.4) 93.2) 1
Respiratory 26 (15.1) 40 (14.5) 0.891
Cardiovascular 0 1(0.3) 1
Stroke 0 0 1
Liver failure 3(1.7) 1(0.3) 0.161
Variceal rapture 0 0 0
Tleus 1(0.5) 1(0.3) 1
Perforation 1(0.5) 0 0.384
Others 2 (1.1) 7(2.5) 0.492
Re-operation, 7 (%) 9(5.2) 7(2.5) 0.187
Mortality, n (%) 0 0 1.000

Morbidity was defined as complication with score of > 3a.
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that platelets promoted HCC proliferation by secreting
several types of growth factors (/2,13). Therefore,
platelets had positive induction of further tumor
progression in patients with HCC, and a high platelet
count in patients with HCC was associated with shorter
overall survival (26,27). Consistent with the previous
data, tumor size weakly correlated with platelet count in
patients without cirrhosis, while there was no correlation
between the two variables in patients with cirrhosis.
Taken together, in the patients without cirrhosis, tumors
were more advanced at the time of operation, and
consequently, overall survival was shorter despite better
parameters of liver function in the high-platelet group.

Recurrence-free survival was not significantly
different in both cohorts, but the recurrence rates in the
low-platelet group were relatively longer in patients
with cirrhosis, although the differences between the
low-platelet and control groups were not significant. By
contrast, for patients without cirrhosis, recurrence-free
survival curves in the high-platelet and control groups
crossed at approximately three years, and recurrence
rates at two years were higher in the high-platelet group
(46.0%) than in the control group (52.3%), while those
at five years were lower in the high-platelet group.
The characteristics of HCC recurrence are generally
understood as follows: most cases of tumor recurrence
by metachronous intrahepatic metastasis occurred
within two years (28), while most cases of recurrence
two years after operation were due to multicentric
origin, which was more remarkable in patients with
poor liver function (29,30). Therefore, we assumed that
platelets could contribute to the early recurrence by
stimulating liver cancer cells through the secretion of
growth factors, while low platelet count, both in patients
with and without cirrhosis, indicated the possibility of
the late-term recurrence. On the other hand, there was
no significance of the recurrence-free survival rates
between the low-platelet count and the control groups.
However the recurrence-free survival tended to be
shorter especially two years after surgery, which did not
conflict the results of overall survival.

Thrombocytopenia is also one of the most important
indicators of portal hypertension. Consistent with a
previous report (37), liver function was worse and
varices were more frequent in the low-platelet group,
and therefore, a low preoperative platelet count was
associated with poor survival after operation in patients
with liver cirrhosis in this study.

Moreover, platelets play a pivotal role in the initiation
of the coagulation cascade and reduce the amount of
blood loss through bleeding during liver transection,
leading to the low rate of postoperative complications
(32). Platelets also have a strong proliferative effect on
hepatocytes and induce liver regeneration by secreting
growth factors (5-7). Consequently, a decrease in
platelet counts was associated with morbidity such as
postoperative liver dysfunction and rupture of varices

after operation (33,34). To avoid massive bleeding during
operation, patients with a preoperative platelet count of
< 10 x 10*/uL routinely had platelet transfusion on the
day of operation in our institute. Consequently, there was
no significant difference in postoperative complications
between the low-platelet and control groups observed in
this study.

In the previous reports, the cut-off value for platelet
counts ranged from 6.8 to 10 x 10*uL, especially, 10 x
104/uL seemed be the most frequent (/0,11,17,19,30).
Given that platelet counts were strongly affected by
the liver status, the cut-off value should be separately
determined according to whether the patients have liver
cirrhosis or not. Therefore, we defined the cut-off value
of the platelet counts (20 x 10*/uL in the patients without
cirrhosis and 10 x 10%pL in those with cirrhosis) based
on the median value (18.6 x 10*/uL and 11.1 x 10%puL),
which could be considered to be adequate.

This study had several limitations. First, concentrations
of serotonin or other growth factors were not measured,
and therefore, it is not clear whether the advanced
stage of tumors in the high-platelet group was actually
caused specifically by the growth factors secreted by
platelets. If that is the case, we should observe the
correlation between patient survival and the presence of
growth factors in the serum with the expression of their
respective receptors in tumors in future studies. Second,
platelet count is easily affected by liver function.
However, despite better liver function in the high-
platelet group in patients without cirrhosis, survival
time in these patients was shorter, and therefore, we
assumed that a high platelet count could have negatively
affected the survival of patients with HCC. Finally, it
is clinically difficult to fully predict whether a patient
has cirrhosis before operation. In this situation, it needs
more consideration to apply these findings to clinical
practice.

In conclusion, a high platelet count was an
unfavorable prognostic factor and it negatively impacted
the survival of HCC patients without cirrhosis because
a high platelet count promoted liver cancer progression.
By contrast, low platelet count negatively affected the
surgical outcomes of patients with cirrhosis. Therefore,
our findings suggest that platelet count has different
implications for predicting patient survival based on the
chronic liver disease status background.
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