Cancer Management and Research

Dove

ORIGINAL RESEARCH

Platelet Count is Associated with the Rate of
Lymph Node Metastasis in Lung Adenocarcinoma

Cheng-hao Qu'"?

Tong Li'2
Zhan-peng Tang'?
Xi-Rui Zhu®'?
Jing-yi Han'?

Hui Tian®?

'Cheeloo College of Medicine, Shandong
University, Jinan, Shandong 250012,
People’s Republic of China; 2Department
of Thoracic Surgery, Qilu Hospital,
Cheeloo College of Medicine, Shandong
University, Jinan, Shandong 250012,
People’s Republic of China

Correspondence: Hui Tian
Department of Thoracic Surgery, Qilu
Hospital, Cheeloo College of Medicine,
Shandong University, Jinan, Shandong
250012, People’s Republic of China

Tel +86 18560080016

Email tianhuiql@126.com

This article was published in the following Dove Press journal:
Cancer Management and Research

Purpose: Emerging studies have revealed that platelets are involved in tumor metastasis in
lung adenocarcinoma (ADC). The solid pathological subtype of lung ADC is associated with
metastasis, recurrence, and poor prognosis. However, there is no study exploring the relation-
ship between platelets and different lung pathological subtypes.

Patients and Methods: The association between platelet counts and lymph node metas-
tasis was analyzed in 852 patients with lung ADC who underwent surgery and lymph node
dissection. Multivariate logistic analysis was conducted to identify the risk factors of lymph
node metastasis. Then, lymph node metastasis and other factors were analyzed to determine
their correlation with platelet count and histological subtype.

Results: We found that the platelet count was associated with lymph node metastasis (P =0.01)
in multivariable analysis, independent of tumor size, predominant subtype, visceral pleural
invasion, and microvessel invasion. In patients with a platelet count >300 x 109/L, the rate of
lymph node metastasis was 38.5%, almost twice as high as that in patients with a platelet count
<300 x 109/L (23.2%). Additionally, elevated platelet counts, even those within the normal
range, were significantly associated with a higher rate of lymph node metastasis. The mean
platelet count in patients with solid-predominant histology (269.70 + 69.38 x 109/L) was
significantly higher than that in patients with other histologies (P < 0.001).

Conclusion: Elevated platelet counts are significantly associated with a higher rate of lymph
node metastasis, even if the platelet counts are within the reference range. Platelet counts
were significantly higher in patients with solid-predominant histology than in patients with
other histologies. In addition, VEGF-C may play an important role in lymphatic metastasis in
patients with lung ADC. We hypothesize that antiplatelet therapy may reduce lymph node
metastasis in lung ADC patients.

Keywords: lung adenocarcinoma, platelets, lymph node, solid-predominant, pathological
subtype

Introduction

Lung cancer is the most commonly diagnosed cancer (11.6% of all cancer
diagnoses) and the leading cause of cancer-related death (18.4% of all cancer-
related deaths) in both men and women.! Lung adenocarcinoma (ADC) is an
independent pathologic subtype of lung cancer that has been widely studied. In
2011, the International Association for the Study of Lung Cancer, American
Thoracic Society, and European Respiratory Society (IASLC/ATS/ERS) proposed
a new histologic classification of lung ADC.? Invasive lung ADC was divided
into six major pathological subtypes: lepidic, acinar, papillary, micropapillary,

solid, and invasive mucinous adenocarcinoma. Several studies have reported that
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the micropapillary and solid subtypes of lung ADC are

associated with metastasis, recurrence, and poor
prognosis.®>”’ However, the reason for this phenomenon
is unclear.

Emerging research suggests that platelets are functional
players in many steps of the metastatic process.®'' It is
clear that cancer cells can induce abnormalities in platelet
number and function. In turn, platelets can promote tumor
metastasis.'>'® Tumor-educated platelets (TEPs) may be
an ideal ally of tumor progression.'* Conversely, platelets
can be continuously activated and augment cancer-
associated thrombosis.'> Elevated platelet counts have
been observed in patients with advanced cancer affecting
the breast, colon, gastric, lung, ovary, and esophagus.'®>*
Further, elevated platelet counts are sometimes related to
poor prognosis.'®2* Although there is still some contro-
versy in breast cancer, most preclinical studies indicate an
association between elevated platelets and metastasis,” as
well as with lymph node metastasis, and poor prognosis in
lung cancer.”**

Lung ADC metastasis is mainly classified into hema-
togenous and lymphatic metastases. Previous studies have
mainly reported that preoperative elevated platelet counts
have a role in promoting hematogenous metastasis and
predicting a poor prognosis in non-small cell lung cancer

patients,>>**

the relationships between platelets, lymph
node metastasis, and different ADC subtypes have not
been widely studied. We conducted this study to explore
the relationship of platelets, lymph node metastasis, and

different ADC subtypes.

Patients and Methods

Ethical Statement and Patients

This retrospective study has been approved bythe institu-
tional review board of the Qilu Hospital of Shandong
University (KYLL-2016-097).
informed consent for the use of their clinical information.

All patients provided

One thousand four hundred and seventy-two patients
underwent surgical resection for pathologically diagnosed
invasive lung ADC between January 2013 and
December 2016 in the Qilu Hospital. All cases were col-
lected through the medical record information database of
the Qilu Hospital of Shandong University. The inclusion
criteria were as follows: (1) patients underwent surgery for
pathologically confirmed lung invasive ADC, and the
pathological subtypes were recorded according to the

2011 IASLC/ATS/ERS standard;® (2) patients underwent

computed tomography, magnetic resonance imaging, bone
scans, and positron emission tomography in accordance
with the recommendations of the Chinese Society of
Clinical Oncology guidelines within 14 days before sur-
gery; (3) no distant metastasis or other malignancies; (4)
no neoadjuvant chemotherapy or radiotherapy; (5) no
hematological diseases before surgery; and (6) no antipla-
telet drugs such as aspirin. After screening, a total of 852
patients were eligible for inclusion.

Blood Samples

All patients underwent routine blood testing in our hospital
before surgery. Blood was collected in a blood collection
tube containing EDTA for anticoagulation between 6:00
and 8:00 in the morning when patients were in the fasting
state, and blood was sent for examination within 2 hours.

Pathological Examination

After surgery, all excised specimens were fixed in formalin
and immediately stained with hematoxylin and eosin, with
at least two cut surfaces of lymph nodes and three cut
surfaces of tumor tissue being stained. Microscopic evalua-
tion was performed by two pathologists, and if there were
differences in the results, no less than two additional pathol-
ogists discussed the case to reach an agreement.
Pathologists adopted the newly announced IASLC/ATS/
ERS classification system for lung ADC. Since most lung
ADC:s fall into the mixed subtype, comprehensive histolo-
gic subtyping has been proposed to make a semiquantitative
assessment of the percentages of the various histologic
components and to classify tumors according to the predo-
minant histologic subtype.” The percentage of each histo-
logical component was recorded in 5% increments. The
predominant subtype was defined as the subtype with the
largest percentage, even if it accounted for less than 50% of
the tumor. Minor components referred to subtypes that
occupied more than 5% of the tumor but were not the
predominant subtype. The presence of visceral pleural inva-

27,28

sion (VPI),%® microvessel invasion (MVI), and spread

through air spaces (STAS) were also determined.>*~*°

Statistical Analysis

Clinical and pathological characteristics, such as gender,
age, smoking status, platelet count, platelet groups, tumor
location, surgery, predominant subtype, tumor diameter,
T stage, STAS, VPI, and MVI were analyzed to determine
their correlation with lymph node metastasis. Continuous
random variables, such as platelet count, age, and tumor
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diameter, were expressed as mean + standard deviation
(SD) or mean + standard error of mean (SEM) and ana-
lyzed using the independent samples #-test. On univariate
analysis, the effect of each factor on the probability of
lymph node metastasis and MVI was assessed based on
the logistic regression model. All variables with P < 0.1 in
the univariate analysis were entered into the multivariate
analysis. On multivariate analysis, the stepwise logistic
regression analysis was conducted by utilizing these fac-
tors. Odds ratios (ORs) and 95% confidence intervals (Cls)
were reported for both univariate and multivariate ana-
lyses. Lymph node metastasis, STAS, VPI, and MVI
were analyzed to determine the correlation with predomi-
nant subtypes, the solid-predominant/minor components
subtype, and the platelet count. P values were calculated
using Pearson’s Chi-square test or Fisher’s exact test, and
the significance level was set at 0.05. The data were
analyzed using IBM SPSS Statistics,
(IBM, USA).

version 25.0

Results

The characteristics of all 852 patients are listed in Table 1.
We divided patients based on N stage: 635 (74.5%) had
pathologically validated NO disease and 217 (25.5%) had
validated N1 or N2 disease. No significant differences
were observed in terms of gender, age, smoking history,
or STAS between the two groups. Platelet count, tumor
location, surgical method, predominant subtype, patholo-
gical T stage, VPI, and MVI were significantly different
between the two groups.

Risk Factors of Lymph Node Metastasis

We first performed univariate regression analysis of variables
predicting lymph node metastasis (Table 2). In univariate
analysis, platelet count, tumor location, surgical method,
tumor size, predominant subtype, VPI, and MVI were sig-
nificantly associated with lymph node metastasis (P < 0.05).
In multivariate analysis, we found that platelet count (aOR =
1.004, 95% CI =1.001-1.007; P =0.010), tumor size (aOR =
1.699, 95% CI=1.471-1.963; P <0.001), VPI (aOR = 1.635,
95% CI=1.053-22.332; P =0.029), and MVI (aOR = 3.074,
95% CI = 1.773-5.330; P < 0.001) remained independent
risk factors for lymph node metastasis. The predominant
subtype was also a significant independent risk factor of
lymph node metastasis. Compared to patients with the lepidic
subtype, patients with the acinar subtype had an aOR of
10.430 (95% CI = 3.693-29.457, P < 0.001), patients with

Table | Clinicopathological Characteristics of Different Lymph
Node Status in 852 Patients with Lung Adenocarcinoma

Total NO N1/2 P value
(n=852) (n=635) (n=217)
Gender 0.148%
Male 392(46) 283(44.6) | 109(50.2)
Female 460(54) 352(55.4) | 108(49.8)
Age (year) 59.77 59.53 0.745
+9.376 +9.870
Smoking 0.211
Current or ex 277(32.5) 199(31.3) | 78(35.9)
Never 575(67.5) | 436(68.7) | 139(64.1)
PLT (x1079/L) 235.57 258.59 0.000*
+58.390 +62.733
Tumor location 0.016*
LUL 200(23.5) 143(22.5) | 57(26.3)
LLL 140(16.4) | 98(15.4) 42(19.4)
RUL 278(32.6) | 226(35.6) | 52(24)
RML 57(6.7) 45(7.1) 12(5.5)
RLL 123(19.4) | 54(24.9) 177(20.8)
Surgery 0.012*°®
Lobectomy 792(93) 593(93.4) 199(91.7)
Limited resection 54(6.3) 41(6.5) 13(6.0)
Pneumonectomy 6(0.7) 1(0.2) 5(2.3)
Predominant subtype 0.000*
L 148(17.4) 144(22.7) | 4(1.8)
A 426(50) 317(49.9) | 109(50.2)
P 129(15.1) 100(15.7) | 29(13.4)
MP 23(2.7) 6(0.9) 17(7.8)
S 86(10.1) 39(6.1) 47(21.7)
IMA 40(4.7) 29(4.6) 11(5.1)
Tumor size (cm) 2.267 3.514 0.000*
+1.118 +1.785
T stage 0.000?
TI 663(77.8) | 546(86.0) | 117(53.9)
T2 147(17.3) | 76(12) 71(32.7)
T3/T4 42(4.9) 29(2.0) 13(13.4)
STAS 0.967
Absent 765(89.8) | 570(89.8) | 195(89.9)
Present 87(10.2) 65(10.2) 22(10.1)
VPI 0.000*
Absent 708(83.1) | 547(86.1) | 161(74.2)
Present 144(16.9) | 88(13.9) 56(25.8)
MVI 0.000*
Absent 773(90.7) | 603(95) 170(78.3)
Present 79(9.3) 32(5) 47(21.7)

Notes: Data are presented as n (%) or means * SD. P value, and OR were calculated using
the Chi-square test and Fisher’s exact test. ® Statistically significant. ° Fisher’s exact test.
Abbreviations: OR, odds ratio; LUL, left upper lobe; LLL, left lower lobe; RUL, right
upper lobe; RML, right middle lobe; RLL, right lower lobe; L, lepidic; A, acinar; P, papillary;
MP, micropapillary; S, solid; IMA, invasive mucinous adenocarcinoma; STAS, spread
through air spaces; VPI, visceral pleural invasion; MVI, microscopic vessel invasion.
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Table 2 Univariate and Multivariate Logistic Analyses of the Risk Factors Associated with Lymph Nodes Metastasis

Variables Univariate Analysis Multivariate Analysis
OR 95% ClI P value aOR 95% ClI P value

Gender

Male |

Female 0.797 0.585-1.085 0.149

Age (year) 0.997 0.981-1.014 0.745
Smoking

Current or ex |

Never 0.813 0.588-1.125 0.211

PLT (x1079/L) 1.006 1.004-1.009 0.0007 1.004 1.001-1.007 0.010°
Tumor location

LUL |

LLL 1.075 0.669-1.728 0.764

RUL 0.577 0.375-0.888 0.012°

RML 0.669 0.330-1.357 0.265

RLL 1.101 0.707-1.716 0.669
Surgery

Limited resection |

Lobectomy 1.058 0.556-2.016 0.863

Pneumonectomy 15.769 1.686—147.509 0.016*

Tumor size (cm) 1.921 1.678-2.200 0.000? 1.699 1.471-1.963 0.000?
Predominant subtype

L | |

A 12.379 4.477-34.227 0.000? 10.430 3.693-29.457 0.000?

P 10.440 3.559-30.622 0.000? 6.779 2.228-20.633 0.001%

MP 102.000 26.144-397.946 0.000? 68.016 16.734-276.455 0.000?

S 43.385 14.727-127.805 0.000? 19.235 6.262-59.082 0.000?

IMA 13.655 4.064-45.880 0.000? 5.952 1.587-22.332 0.008°
STAS

Absent |

Present 0.989 0.594-1.648 0.967
VPI

Absent | |

Present 2.162 1.481-3.156 0.000? 1.635 1.053-22.332 0.029*
MVI

Absent | |

Present 5.210 3.223-8.422 0.000? 3.074 1.773-5.330 0.000?

Notes: P value, OR, and 95% CI were calculated using the Chi-square test and Fisher's exact test. aOR, adjusted odds ratio. * Statistically significant.

Abbreviation: Cl, confidence interval.

the papillary subtype had an aOR of 6.779 (95% CI =
2.228-20.633, P = 0.001), patients with the micropapillary
subtype had an aOR of 68.016 (95% CI = 16.734-276.455,
P < 0.001), patients with the solid subtype had an aOR of
19.235 (95% CI = 6.262-59.082, P < 0.001), and patients
with invasive mucinous ADC had an aOR of 5.952 (95% CI
=1.587-22.332, P = 0.008) (Table 2).

The Influence of Platelet Count on Tumor

Behavior

To determine the effect of platelet count on tumor
behavior, we divided the patients into the reference
range platelet count group (group a: platelet count
100-300 x 10°/L) and the thrombocytosis group
(group B: platelet count >300 x 10°/L). There were
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Table 3 The Influence Between Normal Range Platelet Count

(Group ) and Thrombocytosis (Group ) on Microscopic Vessel

Invasion (MVI) and Lymph Nodes Metastasis

PLT Group a (720) p (130) P value
T stage, n (%) 0.019*
TI 570(79.2) 91(70)
T2 120(16.7) 27(20.8)
T3/T4 30(4.2) 12(9.2)
Lymph node status, n (%) 0.000*
NO 553(76.8) 80(61.5)
NI/2 167(23.2) 50(38.5)
STAS, n (%) 0.156
Absent 651(90.4) 112(86.2)
Present 69(9.6) 18(13.8)
VPI, n (%) 0.525
Absent 601(83.5) 119(80.8)
Present 105(80.8) 25(19.2)
MVI, n (%) 0.001%
Absent 663(92.1) 108(83.1)
Present 57(7.9) 22(16.9)

Notes: Data are presented as n (%). Group a: platelet<300x1079/L, group b:
platelet =2 300x1079/L (two patients of which the platelet < 100x10A9/L were
excluded). ? Statistically significant.

significant differences between group o and group B in
T stage (P = 0.019), lymph node positivity (P < 0.001),
and the incidence of MVI (P < 0.001). In group a, the

rate of lymph node metastasis was 23.2%, and in group
B, it was 38.5% (P < 0.001). (Table 3)

Previous studies have only analyzed these indicators
between patients in the platelet reference range and
those with thrombocytosis; no previous study has
examined clinicopathological factors in patients with
platelet counts within the reference range. Therefore,
to further investigate the relationship between platelet
count and tumor behavior, we divided the patients into
six groups based on the platelet count (group 1: platelet
count <150x10%/L, group 2: platelet count 150-200 x
10°/L, group 3: platelet count 200250 x 10°/L, group
4: platelet count 250-300 x 10°/L, group 5: platelet
count 300-400 x 10°/L, and group 6: platelet count
>400 x 10°/L). Our results showed that as the platelet
count increased, the lymph node-positive rate
(P < 0.001) and the incidence of MVI (P < 0.001)
significantly increased. In addition, the rate of lymph
node metastasis increased from group 1 to group 4,
despite these patients all having platelet counts within
the reference range. In group 6, the rate of lymph node
metastasis reached 53.3%. However, no significant dif-
ference was observed between the platelet count groups
in T stage (P = 0.158) or the incidence of STAS (P =
0.184) (Table 4).

Table 4 The Influence of Different Platelet Counts on Microscopic Vessel Invasion (MVI) and Lymph Nodes Metastasis

PLT Group 1(n=33) 2(n=170) 3(n=313) 4(n=206) 5(n=115) 6(n=15) P value
T stage, n (%) 0.131
TI 25(75.8) 139(81.8) 252(80.5) 156(75.7) 83(72.2) 8(53.3)
T 7(212) 26(15.3) 50(16.0) 37(18.0) 22(19.1) 5(33.3)
T3T4 1(3.0) 5(2.9) 11(3.5) 13(6.3) 10(8.7) 2(13.3)
Lymph node status, n (%) 0.000*
NO 29(87.9) 140(82.4) 242(77.3) 144(69.9) 73(63.5) 7(46.7)
N1/2 4(12.1) 30(17.6) 71(32.7) 62(30.1) 42(36.5) 8(53.3)
STAS, n (%) 0.265
Absent 33 154(90.6) 281(89.8) 185(89.8) 100(87) 12(80)
Present 0 16(9.4) 32(10.2) 21(10.2) 15(13) 3(20)
VPI, n (%) 0.012°
Absent 30(90.9) 150(88.2) 267(85.3) 156(75.7) 92(80) 13(86.7)
Present 309.1) 20(11.8) 46(31.9) 50(24.3) 23(20) 2(13.3)
MVI, n (%) 0.000°
Absent 33 163(95.9) 291(93.0) 178(86.4) 95(82.6) 13(86.7)
Present 0 7(4.1) 22(7.0) 28(13.6) 20(17.4) 2(13.3)

Notes: Data are presented as n (%). *Statistically significant. Group |: platelet<150% |0A9/L, group 2: 150= platelet<200% | 0A9/L, group 3: 200 platelet<250% 079/L, group
4: 250< platelet<300% 1079/L, group 5: 300< platelet<400x 1079/L, group 6: platelet 2400% | 0"9/L.
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The Influence of Different Subtypes on

Platelet Count

As the predominant subtype of ADC influences tumor beha-
vior, such as lymph node metastasis, and poor prognosis, we
investigated the relationships between subtype and platelet
counts. We found that the platelet count in those with the
solid-predominant subtype (269.70 + 69.38 x 10°/L) was
significantly higher than those in patients with other subtypes
(lepidic: 235.86 £4.611 x 10°/L, acinar: 240.36 + 2.749 x
10°/L, papillary: 234.52 + 5.883 x 10°/L, micropapillary:
231.17 £ 10.451 x 109/L, and invasive mucinous adenocar-
cinoma: 242.95 + 10.761 x 10°/L; P < 0.001). The solid-
predominant subtype also had the second-highest lymph
node-positive rate (54.7%; P < 0.001) and the highest inci-
dence of MVI (23.3%; P < 0.001) (Table 5). We further
compared the solid-minor components group (patients with
more than 5% solid subtype but with a predominant subtype
other than solid; n = 52) and the solid-predominant group (n
= 86) (Table 6). The platelet count in the solid-predominant
group was significantly higher than that in the solid-minor
components group (269.70 + 69.378 x 10°/L vs 238.35 +
58.473 x 10°/L; P < 0.001). We observed similar results in
the lymph node-positive rate (54.7% vs 22.2%; P < 0.001)
and the incidence of MVI (23.3% vs 7.7%; P < 0.001).

Discussion

Here, we investigated the possible correlation between pla-
telet counts and lymph node metastasis in 852 lung invasive
ADC cases. Thrombocytosis was significantly related to

Table 6 The Influence of Different Contents of Solid Subtypes
on Platelet Counts

Subtypes Solid-Minor Solid- P value
Components (n=52) | Predominant
(n=86)
PLT (x1079/L) 238.35+58.473 269.70+69.378 0.000*
Lymph node 0.000?
status, n (%)
NO 596(77.8) 39(45.3)
NI/2 170(22.2) 47(54.7)
STAS, n (%) 0.405
Absent 690(90.1) 75(87.2)
Present 76(9.9) 11(12.8)
VPI, n (%) 0.097%
Absent 642(83.8) 66(76.7)
Present 124(16.2) 20(23.3)
MVI, n (%) 0.000* ©
Absent 707(92.3) 66(76.7)
Present 59(7.7) 20(23.3)

Notes: Data are presented as n (%) or means = SD. * Statistically significant. b
Fisher’s exact test.

lymph node metastasis in lung ADC patients. In addition,
higher platelet counts within the reference range were also
associated with increased lymph node metastasis. Further,
patients with the solid-predominant subtype had signifi-
cantly higher platelet counts than patients with other patho-
logical subtypes. We speculate that this may be one of the
causes of the higher rate of lymph node metastasis in
patients with the solid-predominant subtype.

Table 5 The Influence of Different Predominant Subtype on Platelet Count

Subtype L (n=148) A (n=420) P (n=128) MP (n=23) S (n=84) IMA (n=39) P value
PLT (x1079/L) 235.86+4.61 | 240.36+2.749 234.52+5.883 231.17£10.451 269.70+7.570 242.95+10.761 0.000
Lymph node status 0.000
NO, n (%) 144(97.3) 317(74.4) 100(77.5) 6(26.1) 39(45.3) 29(72.5)
NI1/2, n (%) 4(2.7) 109(25.6) 29(22.5) 17(73.9) 47(54.7) 11(27.5)
STAS 0.114%
Absent 139(93.9) 387(90.8) 109(84.5) 20(87) 75(87.2) 35(87.5)
Present 9(6.1) 39(9.2) 20(15.5) 3(13) 11(12.8) 5(12.5)
VPI 0.023*
Absent 133(89.9) 360(84.5) 99(76.7) 19(82.6) 66(76.7) 31(77.5)
Present 15(10.1) 66(15.5) 30(23.3) 4(17.4) 20(23.3) 9(22.5)
MVI 0.000*
Absent 145(98) 397(93.2) 110(85.3) 18(78.3) 66(76.7) 37(92.5)
Present 3(2) 29(6.8) 19(14.7) 5(21.7) 20(23.3) 3(7.5)

Notes: Data are presented as n (%)or means +SEM. *Statistically significant.
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There are complex interactions between tumor cells
and platelets. However, the specific mechanism of their
interaction is still under study. Malignancies may promote

31-33 and

the production of platelets in a variety of ways,
platelets can affect tumor behavior in return. Platelets can
promote tumor cell migration and invasion into the sur-
rounding microenvironment, as well as facilitating tumor
arrest at the endothelium, extravasation, and seeding.34*36
They can also protect tumor cells from NK cell-mediated
lysis.*”*® Several studies have reported that platelet deple-
tion results in reduced average tumor weight in patients
receiving chemotherapy. Conversely, platelet transfusion
increases average aggregate tumor weight.***' Recent
evidence suggest that increases in platelets and megakar-
yocytes can also inhibit metastasis in a site-specific
manner.”® However, these findings were only in preclinical
studies in breast cancer. Based on our results, we can
conclude that an increase in the platelet count, even within
the reference range, is associated with lymph node metas-
tasis in lung ADC patients.

Higher platelet levels indicate lymph node metastasis
in patients with invasive ADC.>***> We examined platelet
levels based on histological subtype and found that the
platelet count and the incidence of MVI in patients with
solid-predominant tumors were significantly higher than in
patients with other histologies. Further, the rate of lymph
node metastasis increased with increased platelet count,
even if the platelet count was within the reference range.
In group a (platelet count: 100-300 x 10°/L), the rate of
lymph node metastasis was 23.2%, whereas it was 38.5%
in group B (platelet count: >300 x 10°/L; P < 0.001). In
patients with a platelet count >400 x 10°/L, the rate of
lymph node metastasis was 53.3%. The rates of lymph
node metastasis in the four groups with platelet counts
above 200 x 10°/L were almost twice as high as the
rates in the two groups with platelet counts below 200 x
10°/L. Groups o and B also differed significantly in terms
of T stage (Table 3). However, there was no significant
difference in T stage among groups 1, 2, 3, and 4 (all
within the reference range; Table 4). However, there was
a significant difference in N stage. As the two main para-
meters for tumor growth, T stage and N stage are the most
likely to be directly related to elevated platelets counts.
Therefore, we can conclude that platelet count may have
a direct relationship with lymph node metastasis, at least in
patients with platelet counts in the reference range.

The relationship between elevated platelet counts and
lymph node metastasis is not fully understood. Platelets are

known to contain many angiogenic factors, such as vascular
endothelial growth factor (VEGF) and platelet-derived
growth factor (PDGF). VEGFs are present in resting plate-

4243 and cancer

lets, which are then released on activation,
cells can stimulate the secretion of VEGF-A and other pro-
angiogenic factors from platelets.** VEGF-C and VEGF-D
facilitate tumor metastasis via modulating the lymphatic

Vessels,4547

and VEGF-C can induce sentinel node lym-
phatic angiogenesis and promote lymphatic metastasis even
before the tumor has metastasized.*’*® In addition, PDGF
can stimulate the production of VEGFs by fibroblasts,
which can expand the lymphatic vasculature.*’**>% We
hypothesize that platelets may promote lymphatic metasta-
sis of lung ADC tumor cells in a similar fashion. Some
preclinical studies have shown that the exit routes provide
by lymph node blood vessels may play role in metastatic
tumor cell dissemination.”' Further, VEGF-C and VEGFR-
3 are related to lymphangiogenesis and the development of
non-small cell lung cancer.’> However, as VEGF-C can
influence megakaryopoiesis, the correlation of platelet
counts and lymph node metastasis may be indirect.”

We found that patients with the solid-predominant sub-
type had the highest platelet counts. Therefore, we spec-
ulate that the increased platelets in the solid-predominant
subtype may facilitate the increased lymphatic metastasis
we observed. Tumor-induced lymphangiogenesis via
VEGF-C/VEGFR-3 is the major mechanism through
which metastasis to the lymph nodes is promoted.”® It is
therefore very likely that the VEGF-C level is increased
locally or systemically in patients with solid-predominant
subtypes. However, this has not been assessed. Those with
the solid-predominant subtype have higher levels of lami-
VEGF, and CD204-TAMs than other

subtypes.””> Studies have proven that increases in these

nin-5, ezrin,
factors are significantly related to lymphatic metastasis
and poor prognosis in those with resected non-small cell
lung cancer.”>° However, the effects of platelets in dif-
ferent lung ADC subtypes have not been studied. This is
the first study to examine the relationship between plate-
lets and subtypes in lung ADC.

There is some evidence to suggest that aspirin can
decrease levels of PDGF and VEGF in the platelet
releasate.”’ ° However, previous studies focused on how
antiplatelet therapy inhibits platelet-mediated angiogenesis
rather than platelet-mediated lymphatic spread. Based on
our results, we hypothesize that antiplatelet therapy may
reduce lymph node metastasis in all lung ADC patients.
Because lymphatic system metastasis is a common cause

Cancer Management and Research 2020:12

submit your manuscript

9771

Dove


http://www.dovepress.com
http://www.dovepress.com

Qu et al

Dove

of treatment failure and death in postoperative patients with
non-small cell lung cancer,® targeted therapy against
lymph node metastasis can play an important postoperative
role. Therefore, antiplatelet therapy such as low-dose
aspirin may be a potent direction for lung ADC treatment.
Long-term follow-up studies have shown that regular use of
aspirin reduces the long-term risk of several cancers, as well
as the risk of distant metastasis.®*** For lung cancer, the
benefit of aspirin was only confirmed in ADC.*
Anticoagulants are effective for patients with venous
thromboembolism. However, antiplatelet therapy may be
effective in the lymphatic system because of its effect on the
platelet releasate.** In a large clinical trial, small doses of
aspirin reduced the risk of distant metastases in many ADCs
and the overall risk of fatal ADC in the trial population.®
Another study showed that aspirin can reduce mortality in
older patients with several types of ADC.%* In 2016, the US
Preventive Services Task Force recommended regular use
of low-dose aspirin in some people with risk factors for
colorectal cancer.®> A large retrospective study including
more than 10 million people in South Korea confirmed that
long-term use of low-dose aspirin was associated with
a decreased risk of lung cancer.®® Recognition of the tumor-
promoting effects of platelets emphasizes the role of anti-
platelet therapy in the prevention and treatment of cancer.
Nevertheless, identifying cancer patients who will benefit
from antiplatelet therapy is still an important issue. The
potential risks of antiplatelet therapy should be fully eval-
uated and investigated.

There are some limitations to this study. First, all
patients had invasive lung ADC and had undergone resec-
tion. Therefore, patients who were unable to tolerate sur-
gery were excluded. Second, the classification of lung
ADC subtypes is still being studied, and non-dominant
subtypes might still play a role in tumor biology. Third,
pathological inspection of biopsy specimens cannot fully
represent the true content of pathological subtypes.®’
Fourth, as a retrospective study, selection bias and perfor-
mance bias are inevitable. Future multicenter clinical stu-
dies with larger samples may validate our results.

Conclusions

Elevated platelet counts are significantly associated with
a higher rate of lymph node metastasis, even if the platelet
counts are within the reference range. Platelet counts were
significantly higher in patients with solid-predominant his-
tology than in patients with other histologies. In addition,
VEGF-C may play an important role in lymphatic

metastasis in patients with lung ADC. We hypothesize
that antiplatelet therapy may reduce lymph node metasta-
sis in lung ADC patients.
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