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Abstract

Purpose Aspirin could reduce the risk of cancer metasta-
sis. Circulating tumor cells (CTCs) are a key factor of
cancer metastasis, but no evidence has revealed how
aspirin affects CTCs and its epithelial-mesenchymal tran-
sition (EMT). Here, we conducted a clinical trial to
investigate how aspirin affects CTCs in metastatic col-
orectal cancer (MCC) and breast cancer patients (MBC).
Methods The trial is retrospective registered at clinical-
trials.gov (NCT02602938). The eligible patients are given
100 mg aspirin q.d. for 8 weeks, and CTCs are evaluated at
baseline, 4 and 8 weeks for absolute number, phenotype
(epithelial type, E4, mesenchymal type, M+, and bio-
phenotypic type, B+), and vimentin expression.
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Results Data on 21 MCC and 19 MBC patients are ana-
lyzed, and it revealed that the CTC numbers decreased with
aspirin treatment in MCC (p < 0.001) but not MBC
(p = 0.0532); besides, ratio of E+ CTCs increased
(p = 0.037) and M+ CTCs decreased at 2 months in MCC
(p = 0.013), but neither the ratio of E+ or M+ CTCs
changes significantly in MBC; vimentin expression of M+
CTCs is higher than E4 and B4 CTCs either in MBC or
MCC patients at baseline (p < 0.01); and aspirin sup-
presses the vimentin expression in M+ (p = 0.002)and B+
(p = 0.006) CTCs of MCC and M+ CTCs of MBC
(p = 0.004); besides it find vimentin expression in B+
(»p =0.004) or M+ (p <0.001), CTCs are markedly
decreased in patients with total CTC numbers declined.
Conclusion Aspirin could decrease CTCs numbers and
block EMT transition in MCC patients and part of MBC
patients.

Keywords Circulating tumor cells - Aspirin - Epithelial—
mesenchymal transformation - Vimentin
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Abbreviations

CTC Circulating tumor cells

EMT Epithelial-mesenchymal transformation
MCC Metastatic colorectal cancer

MBC Metastatic breast cancer
Introduction

Increasing evidence has confirmed the prognostic value of
circulating tumor cells (CTCs) in malignant diseases
including colorectal cancer, breast cancer, prostate cancer,
and gastric cancer [1-4]. However, studies have found that
most of CTCs are incapable of generating metastatic lesion
and epithelial antigen-based approaches often fail to detect
the most aggressive CTC subpopulation. Yu et al. [5]
revealed that after monitoring the CTCs in advanced breast
cancer patients, the fraction of mesenchymal CTCs was
much better concordant with the timing of disease pro-
gression rather than CTCs’ total number. Since character-
izing an epithelial or mesenchymal phenotype in CTCs is
challenging, we previously generated an RNA-in situ
hybridization (RNA-ISH) method, which can be used to
classify the CTCs into epithelial, mesenchymal, and bio-
phenotypic subtypes according to specific markers [6].

It is commonly accepted that the metastatic process of
cancer cells involves an epithelial-to-mesenchymal transi-
tion (EMT), vascular invasion, protection from the host
immune system, and colonization of distant organs [7].
Platelets have been shown to participate in the each of these
processes, especially in the induction of EMT in epithelial
cells via its activation [8, 9]. Furthermore, it has been
reported that an increase in number of platelets negatively
correlates with cancer patient outcomes [10]. Growth studies
have shown a miraculous effect of single-agent antiplatelet
therapies, such as low-dose aspirin, in preventing multiple
malignant diseases. These therapies have even improved the
prognosis in advanced malignant diseases such as colorectal
cancer and breast cancer [11-13]. To investigate the effect
that aspirin has on CTCs in patients with metastatic col-
orectal and breast cancer, we conducted a prospective study
to test the hypothesis that inhibition of platelets could affect
the numbers and EMT phenotype of CTCs.

Patients and methods

Patients and treatment

The trial is registered in clinicaltrial.gov (NCT02602938).
Patients with stable metastatic colorectal (MCC) or breast

cancer (MBC) were enrolled. The eligibility and exclusion
criteria included the following: age from 18 to 80 years; no
current intravenous chemotherapy (capecitabine mainte-
nance for more than 1 month before enrolment was
allowed); concurrent endocrine therapy, bisphosphonate
therapy, and/or monoclonal targeted therapy were permit-
ted (all for at least 2 months before enrollment); estimated
survival > 3 months; no platelet inhibitor therapy within
1 month of study, platelet count > 100,000/mm3; no dis-
ease of hemorrhagic tendency or history of non-steroid
drug allergy; normal kidney and liver function; and no
surgery plan within the next 3 months. This project was
reviewed and permitted by the ethics committee of Zhe-
jiang Provincial People’s Hospital, and written consent was
obtained from all patients before enrollment.

The peripheral blood (7.5 ml) of eligible patients was
collected to evaluate CTCs. Those patients with CTCs > 5
were given 100 mg of aspirin per day for the next
2 months, unless they reported severe adverse events (AEs)
related to aspirin, an intention to quit the trial, or disease
progression.

Circulating tumor cells’ evaluation

CTCs were evaluated at baseline, 4 and 8 weeks. Patients’
peripheral blood (7.5 ml) was collected into heparin anti-
coagulation tubes and subsequently transferred to the lab
for CTC measurements within 48 h. The assessment of
CTC numbers and phenotype was based on the Canpatrol
technique [6]. For detail, Canpatrol CTC filtration system
included a filtration tube (8-um diameter pores calibrated
membrane, SurExam, Guangzhou, China), a manifold
vacuum plate with valve settings (Millipore, Billerica,
USA), an E-Z 96 vacuum manifold (Omega, Norcross,
USA), and a vacuum pump (Auto Science, Tianjin, China).
Before filtration, erythrocytes were removed with lysis
buffer (Sigma, St. Louis, USA). Thereafter, the remaining
cells were resuspended with PBS plus 4% formaldehyde
(Sigma, St. Louis, USA). The cell suspension was trans-
ferred to a filtration tube and pumped with at least
0.08 MPa to obtain CTCs.

The phenotypes of CTCs were classified into three
subgroups using the RNA-ISH method: epithelial type (E+
, Cytokeratin 8, 18, 19+, EpCam+); mesenchymal type
(M+, Vimentin+, Twist+), and biophenotypic type (B+,
express both E4 and M+ markers) (Fig. 1). The sequences
of the capture probe and bDNA signal amplification probe
are listed in supplementary Tables S1 and S2.

Assessment of vimentin expression in CTCs

The expression of vimentin was also assessed in all MCC
and MBC patients by RNA-ISH. The sequences of the
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Fig. 1 Representative image of E4+/B+/M+CTCs with RNA-ISH method

capture probe and bDNA signal amplification probe are
listed in supplementary Tables S1, S2. The evaluation of
vimentin expression level was based on RNA-ISH signal
intensity (Table S3, Figs. S2-S4): N or + were considered
as low expression (vimentinL), while ++ or +++ were
considered as high expression (vimentin™).

Statistical analysis

Data were recorded in Excel (Microsoft Corp, Redmond,
WA, USA) and analyzed with SPSS version 17.0.1 (PSSS,
Inc, Chicago, IL, USA). Continuous parameters, such as
age, were presented as the mean &+ standard deviation
(SD). Frequencies were calculated for categorical mea-
surements, such as gender and CTC subtype. The time of
enrollment was taken as the baseline. The data regarding
percent changes were assumed to be normally distributed.
The primary efficacy variable is the percent change in CTC
numbers at weeks 4 and 8 compared to baseline, and the
second efficacy variable is the percent change in M+ CTCs
compared to baseline.
The percent change from baseline was determined as

(week 4or week 8)
baseline

— baseli
aseline o

Percent change =

Percent changes from baseline for efficacy variables
were analyzed using analysis of covariance (ANCOVA)
with the respective baseline value as the covariate.
p < 0.05 was considered statistically significant.
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Results
Patient characteristics and safety

This was designed as a single-arm study. Thirty-two MCC
and thirty-one MBC patients met our criteria between July
2015 and July 2016, as shown by the flow chart in Fig. 2.
Twenty-six MCC and twenty-eight MBC patients under-
went initial CTC assessment, but four MCC and seven
MBC patients were excluded, because their CTC numbers
were less than 5/7.5 ml peripheral blood. There were no
serious adverse events (SAEs) reported in the whole pro-
cess, and most patients tolerated the aspirin treatment well.
Two MBC patients dropped out, one because of a stom-
achache thought to be the result of aspirin treatment and
the other due to disease progression. Of the MCC patients,
one failed to follow up. In total, 21 MCC patients and 19
MBC patients were evaluable for the primary endpoint.
The baseline characteristics of MCC and MBC patients
are listed in Table 1. The mean age was 58.2 + 8.81 years
in the MBC group and 62.1 £ 10.56 years in the MCC
patient group. All patients had previously received one or
more lines of chemotherapy for the control of disease
progression. 19 MCC patients and 11 MBC patients had
more than two metastatic lesions. According to the inclu-
sion criteria, the baseline CTC numbers were > 5/7.5 ml
peripheral blood in all patients. The mean total CTC
number was 8.68 + 3.47 in MBC patients, whereas the
E+, M+, and B+ CTC numbers were 4 + 1.8
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Fig. 2 Flow diagram of a phase II trial to investigate the effect of low-dose aspirin on CTCs of metastatic colorectal and breast cancer

(48.2 +22.4%),2.5 £ 1.9 (25.1 £ 14.9%), and 2.2 + 1.6
(26.7 £ 19.9%), respectively. The mean total CTC number
in MCC patients was 10.7 £ 4.76, whereas the E+, M+,
and B4+ CTC numbers for these patients were 4 £ 1.7
(453 +273%), 2.86+28 (22.0 % 18.5%), and
3.86 + 3.38 (32.8 £ 18.7%), respectively. We compared
the baseline ratio between E4+ and M+ CTCs in included
patients, and our results revealed that the number of E+
CTCs was significantly higher than that of M+ CTCs both
in MBC and MCC patients (MBC, p = 0.0059; MCC,
p = 0.0213, Fig. 3). The baseline platelet counts and
functional test results were similar between MCC and
MBC patients (data not shown).

Aspirin’s effect on circulating tumor cells

CTC number and phenotype was evaluated at baseline, 4 and
8 weeks. Compared to baseline, CTC numbers decreased
significantly in MCC patients at 1 and 2 months (p < 0.001,
Fig. 4a). However, although the CTC numbers of MBC
patients presented a decreasing trend, a significant change
was not observed at either 1 or 2 months (p = 0.053,
Fig. 4b). To go into greater detail, 15 MCC and 8§ MBC
patients observed a reduction of more than 2 CTCs/7.5 ml
peripheral blood at 2 months; 5 MCC and 8§ MBC patients
reached a stable level of CTCs following 2 month aspirin
treatment; and one MCC and three MBC patients saw
increased numbers of CTCs after 2 months (Table 1).

We then evaluated the subpopulation of CTCs in both
MCC and MBC patients. Statistical analysis found that the

relative ratio of E4+ and M+ CTCs remained fairly
stable in MBC and MCC patients at 1 month. Thereafter,
the ratio of E+ CTCs markedly increased (p = 0.037,
Fig. 4c), and M+ CTCs significantly decreased at
2 months in MCC patients (p = 0.013, Fig. 4d). The ratio
of neither E+ nor M+ CTCs changed in MBC patients
with aspirin treatment (Fig. 4e, f).

Vimentin expression in circulating tumor cells

Since vimentin was considered as the core factor in
epithelial-mesenchymal transition, we assessed vimentin
expression in CTCs. Vimentin expression was detected by
RNA-ISH method in all MCC and MBC patients (sup-
plementary Table S4). The results revealed that the vi-
mentin expression level was much higher in M+ CTCs
than E+4 and B+ CTCs either in MBC or MCC patients at
baseline: in MCC patients, vimentin™ subpopulation
accounted for 45.8% (38/83), 67.9% (55/81), and 78.3%
(47/60) in E+, B+, and M+ CTCs, respectively, whereas
in MBC patients, vimentin' subpopulation accounted for
36.8% (28/76), 80.9% (34/42), and 93.6% (44/47) in E+,
B+, and M+ CTCs, respectively.

We then explored whether aspirin could reduce the
expression of vimentin in CTCs (Figs. S2-S4). In MCC
patients, we found that vimentin expression level had
declined significantly following 2 months of aspirin
100 mg q.d. therapy, in B4 (p = 0.006, Fig. 5b) and M+
CTCs (p = 0.002, Fig. 5c), but not in E+ subpopulation
(p = 0.418, Fig. 5a); while in MBC patients, its expression
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Table 1 Characteristics of included patients

MCC Baseline CTC numbers 4 weeks 8 weeks Metastatic site Current therapy
CTC numbers CTC numbers regimen
No. Age Sex E+ B+ M+ Total E+ B+ M+ Total E+ B+ M+ Total
1 51 Male 2 13 9 24 6 4 3 13 3 0 0 3 Omentum, Observation
peritoneum
2 62 Female 4 2 1 7 3 2 1 6 1 1 0 2 Lung, chest wall, Cet
pericardium
3 67  Female 3 6 2 11 5 3 2 10 3 2 0 5 Ovary, kidney, bone, Cap + Bev
peritoneum
4 48 Male 3 4 6 13 4 2 3 9 3 1 1 5 Liver, bone, Cap + Bev + Zol
peritoneum
5 56 Female 5 1 0 6 4 2 0 5 0 0 5 Liver, lung Cet
6 56  Female 6 2 5 13 5 1 2 5 0 1 6 Liver, peritoneum Bev
7 73  Male 3 4 0 7 5 2 0 4 3 0 7 Posterior peritoneum Observation
8 60  Male 3 11 5 19 6 6 2 14 4 4 2 10 Liver, lung Cap
9 67 Male 5 3 0 8 4 3 0 7 5 2 0 7 Omentum, bone Observation
10 59 Male 5 0 0 5 3 1 0 4 4 2 2 8 Omentum Observation
11 47 Female 4 3 5 12 5 2 4 11 3 0 0 3 Liver, bone, lung Cap + Zol
12 63 Male 7 2 1 10 6 2 2 10 4 0 1 5 Lung, posterior Cap
peritoneum
13 70 Male 3 1 4 8 4 2 2 8 2 0 0 2 Liver, lung Cap
14 41 Female 1 8 7 16 7 3 5 15 3 2 2 7 Ovary, liver, kidney  Cap + Bev
15 80 Male 4 2 0 6 3 2 0 5 4 1 1 6 Liver, bone Cap + Bev + Zol
16 71 Male 3 6 2 11 3 3 3 9 4 1 0 5 Lung Observation
17 50 Female 3 5 2 10 3 3 3 9 4 2 3 9 Omentum, posterior Cap + Bev
peritoneum, kidney
18 77  Male 6 1 0 4 2 0 3 2 0 5 Omentum, bone Cap + Zol
19 72 Male 1 4 3 7 0 0 2 Liver, lung, kidney Cap + Bev
20 o4 Male 6 2 15 3 5 3 11 5 1 3 9 Liver, bone, Cap + zol
peritoneum
21 69 Female 6 1 1 8 5 1 2 8 1 2 0 3 Lung, bone Cap
MBC” Baseline CTC numbers 4 weeks 8 weeks HR™ HER2 Metastatic site Current therapy
CTC numbers CTC numbers regimen
No. Age E+ B+ M+ Total E+ B+ M+ Total E4+ B+ M+ Total
1 55 3 3 1 7 3 8 1 12 3 3 1 7 - - Bone Cap + Zol
2 71 2 2 1 5 0 1 0 0 8 2 10 + - Pleura Cap
3 49 3 2 2 7 4 1 2 7 3 0O 3 6 - - Pleura, skin Cap
4 47 5 0 0 5 3 1 0 4 0 0 4 - + Bone Zol
5 72 4 7 5 16 3 2 5 10 4 117 22 + + Bone, liver, Her 4+ Ana + Zol
lung
6 61 3 2 4 0 1 1 1 2 + - Bone, liver Cap + Zol
7 63 3 3 1 0 2 0 2 + + Liver Her + Ana
8 49 6 2 4 12 5 3 3 11 4 2 5 11 + - Bone, Zol + Ful
peritoneum
9 58 1 0 5 0 1 0 - + Chest wall Rad
10 57 4 3 3 2 1 3 + + Bone, lung Her + Cap + Zol
11 62 8 3 13 6 1 0 1 - - Bone, liver, Cap + Zol
lung
12 66 5 0 0 5 3 1 0 4 4 0 0 4 - + Bone Zol
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Table 1 continued

* sk

MBC Baseline CTC numbers 4 weeks 8 weeks HR~ HER2 Metastatic site Current therapy
CTC numbers CTC numbers regimen

No. Age E+ B+ M+ Total E+ B+ M+ Total E+ B+ M+  Total

13 69 3 2 6 11 4 1 4 9 3 2 3 8 - + Liver Her

14 47 1 3 1 5 2 0 1 3 2 1 1 4 - - Bone, lung Cap + Zol

15 52 4 2 3 9 3 1 2 6 5 0 2 7 + - Lung Ful

16 42 6 1 4 11 4 1 1 6 3 1 0 4 + + Liver, adrenal ~ Her + Cap
gland

17 57 5 4 6 15 6 3 5 14 8 5 3 16 - + Bone, liver, Her + Cap + Zol
lung

18 67 6 1 2 9 1 2 0 3 3 1 1 5 + - Lung, pleura Ana

19 61 4 2 1 7 3 4 0 7 2 2 1 5 + - Bone, lung Ful + Zol

MCC metastatic colorectal cancer, MBC metastatic breast cancer, E+4 epithelial type, M+ mesenchymal type, B+ biophenotypic type, HR
hormonal receptor, Cap capecitabine, Bev bevacizumab, Cet cetuximab, Zol zoledronic acid, Her Herceptin, Ana anastrozole, Ful fulvestrant,
Rad radiotherapy

*All MBC patients were female; **hormonal receptor positive defined as either ER or PR positive (> 1%)

Fig. 3 Ratio of CTC a MCC baseline b MBC baseline
subpopulations in MCC and
MBC patients at baseline p<0.05 p<0.01
1.00 - 1.00 -
Q 0.754 2 0.754
° o
2 £
3 3
< % 0.50
s o 0.25
0.00 -
& & & < ~ <

level was also decreased in M+ CTCs (p = 0.004, Fig. 5f),  Discussion

but not in E4 (p = 0.734, Fig. 5d) and B+ subpopulations

(p = 0.202, Fig. 5e). Since previous publications found  Although aspirin has been marketed for over 100 years, it
that the change of genotype was not exactly in accordance  still remains the cornerstone of anti-platelet drugs. Except
with CTC numbers’ change [5], we further explored if the  for its function of cancer prevention, its therapeutic role in

vimentin expression was accompanied with CTC numbers”  cancer received increasing attention. The neoadjuvant use
change under aspirin treatment. Since the limited subjects’  of aspirin was reported to correlate with better tumor
number, the data of MBC and MCC patients were com-  down-staging in colorectal cancer [14]; and the most recent
bined and grouped by CTC numbers changed or not with 2 comprehensive meta-analysis found that aspirin markedly
month aspirin treatment: our results indicated that the vi-  reduces cancer specific death of colorectal cancer and all-

mentin expression in B+ (p = 0.004, Fig. 6b) or M+ cause mortality [15]. Unlike the consistence result in col-
(p <0.001, Fig. 6c) CTCs was markedly decreased in  orectal cancer, the application of aspirin in breast cancer is
patients (15 MCC patients and 8 MBC patients) with total  still controversial [16, 17]. Here, we first report how aspirin
CTC numbers also declined, but not in E+ CTCs  affects CTCs in late-stage colorectal and breast cancer
(p = 0.451, Fig. 6a), while in the rest patients, the vimentin ~ patients, and our result shows that aspirin markedly
H CTC numbers were similar before and after aspirin  decreases the CTCs’ numbers and blocks EMT transition in
therapy in all three subpopulations (E+, p = 0.0701; B+,  MCC patients, and more than 40% MBC patients also
p = 0.322; M+, p = 0.543, Fig. 6d-f). respond to aspirin treatment, although not reach statisti-
cally significant.
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Fig. 4 Aspirin’s effect on CTC a
numbers and subpopulation. a,

b Absolute number of total

CTCs in MCC and MBC

patients with aspirin treatment;

¢, d ratio of E+ and M+ CTCs

in MCC patients with aspirin
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Weilbaecher et al. [7] first tested whether disruption of
platelet function would decrease the number of CTCs in
MBC patients, but a negative result was reported. There are
several differences with the trial present here: first, patients
with detectable CTCs (> 1 CTC) were calculated in the
previous report, and one quarter of included patients had no
CTCs present at baseline, which could underestimate
aspirin’s effect, and make it impossible to separate CTCs
into further groups, so here, we included patients with more
than 5/7.5 ml peripheral blood at baseline; second, the
patients only receive 100 mg q.d. aspirin here, while in the
previous trial, patients taken both clopidogrel (300 mg
loading dose followed by 75 mg orally daily) and aspirin
(325 mg orally daily) therapy. In consideration of the high
risk of gastrointestinal bleeding, it is important to deter-
mine the optimal dosage. An individual patient data meta-
analysis demonstrated that aspirin reduces the risk of col-
orectal adenoma or recurrence of advanced lesions without

@ Springer

Time(months)

dose dependent manner, and comparison of higher dose
(300 or 325 mg q.d.) versus lower dose (81 or 160 mg q.d.)
aspirin showed markedly greater risk reduction with lower
dosage [18]. Similarly, another meta-analysis showed that
the risk of breast cancer was deceased significantly for only
300 mg aspirin once a week (RR 0.96; 95% CI 0.92-0.99,
p = 0.02). However, the optimal dosage of aspirin in
adjuvant therapy is still undetermined, several adjuvant
trials include newly diagnosed cancers patients, including
colorectal, gastroesophageal, breast, and prostate cancer,
with various dosages of aspirin have been initiated, and we
are looking forward to the final results [19]. In conclusion,
we decide to give aspirin to both MCC and MBC patients’
100 mg q.d., and our result proves its safety and
effectiveness.

Aberrant activation of EMT has been implicated play
crucial role in tumor metastasis, but it is difficult to identify
M-+ or E+ type CTCs from hematopoietic cells with the
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traditional approach. Several approaches have been estab-
lished to assess EMT-transformed CTCs [20], such as
RNA-in situ hybridization (ISH) method [5, 6], cell-sur-
face vimentin-based detection [21], and cytoplasm—vi-
mentin-based detection [22], and it is implicated that EMT-
transformed CTCs have greater specificity and sensitivity
than total CTC numbers in prognosis prediction and
treatment response association. Maheswaran et al. [5]
found that the change of M+ CTCs was not accompanied
with total CTC numbers in 30% MBC patients (3/10); Li
et al. [21] reported high numbers of M+ CTCs in castra-
tion-resistant prostate cancer patients but not total CTC
numbers detected by CellSearch. We have established
RNA-in situ hybridization (ISH) assay to detect several
E+ and M+ markers within CTCs previously [6], and here,
we find aspirin effectively impede the EMT process of
CTCs in most MCC and part of MBC patients; besides, the
change of vimentin expression is consistent with total
CTCs, and only one MBC patient is found, has a declined
vimentin expression, but increased total CTC numbers.
Based on all these above, we speculate that aspirin therapy
could benefit for those patients, whose total or M+ CTCs
numbers increased, which needs to be verified in the near
future.

Besides, the leading voice to explain aspirin’s anti-
cancer effect could contribute to its anti-platelet function.
Platelets play an integral part in cancer metastasis, such as
promote the tumor cell EMT transition, degrade the
extracellular matrix (ECM) [23, 24], protect CTCs from
shear force and immune attack in circulation [25, 26], and
activate the TGF-Bpathway of CTCs to promote its EMT
transformation. Because of the platelets—cancer interac-
tion, anti-platelets therapy could be a rational way to pre-
vent carcinogenesis and metastasis, and we assume that
anti-platelet therapy not only affects the CTC number, but
also the EMT process, and here, we find that aspirin indeed
decreased vimentin expression, which is acknowledged as
one of the most important factors in EMT process. Fur-
thermore, it is interesting to see the different responses
among various patients with aspirin treatment. Two retro-
spective studies [27, 28] reveal that the effect of aspirin is
associated with reduced recurrence rate in patients with
KRAS wild type and PI3KCA mutated tumors; meanwhile;
Reimers et al. [29] found that the survival benefit was
related to HLA class I antigen-positive tumors. In this trial,
we find that most of the responders of MBC patients were
HR+ patients (6/8). Since all these HR+ patients have
experienced the first- or second-line endocrine therapy
failures, PI3K mutation is likely existed in these patients,
which was a dominant factor for endocrine therapy resis-
tance [30].

In conclusion, here, we conduct a single-arm, prospec-
tive study to evaluate the effect of aspirin on CTCs, and our

@ Springer

results indicate that low-dose aspirin could decrease the
CTCs number and suppress the EMT transition in MCC
patients and part of MBC patients. Our finding provide
more evidence to support the hypothesis that the thera-
peutic effect of aspirin against cancer metastasis, and it is
hopefully to help clinicians to find out late-stage cancer
patients with specific gene mutation or biomarker, who
could indeed benefit from aspirin treatment with well-de-
signed large prospective trials in the future.
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