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Abstract
AIM
To investigate if pre-treatment platelet counts could 
provide prognostic information in patients with rectal 
adenocarcinoma that received neo-adjuvant treatment. 

METHODS
Platelet number on diagnosis of stage II and III rectal 
cancer was evaluated in 51 patients receiving neo-
adjuvant treatment and for whom there were complete 
follow-up data on progression and survival, as well as 
pathologic outcome at the time of surgery. Pathologic 
responses on the surgical specimen of patients with 
lower platelet counts (150-300 × 109/L) were compared 
with these of patients with higher platelet counts (> 
300 × 109/L) by the χ 2 test. Overall and progression free 
survival Kaplan-Meier curves of the two groups were 
constructed and compared with the Log-Rank test.

RESULTS 
A significant difference was present between the two 
groups in regards to pathologic response with patients 
with lower platelet counts being more likely to exhibit a 
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good or complete response to neo-adjuvant treatment 
than patients with higher platelet counts (P  = 0.015). 
Among other factors evaluated, there was also a 
significant difference between the carcinoembryonic 
antigen (CEA) at presentation of patients that exhibited 
a good or complete response and those that had no 
response or a minimal to moderate response. Patients 
with a good or complete response were more likely to 
present with a CEA of less than 5 μg/L (P  = 0.00066). 
There was no significant difference in overall and 
progression free survival between the two platelet 
count groups (Log-Rank tests P  = 0.42 and P  = 0.35, 
respectively). 

CONCLUSION 
In this retrospective analysis of stage II and III rectal 
cancer patients, platelet counts at the time of diagnosis 
had prognostic value for neo-adjuvant treatment 
pathologic response. Pre-treatment CEA also held 
prognostic value in regards to treatment effect. 

Key words: Rectal cancer; platelets; prognosis; treat
ment response; neo-adjuvant; chemoradiation
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Core tip: Platelet counts may provide prognostic and 
treatment efficacy predictive information in various 
cancers. In this study, platelet number on diagnosis 
of stage II and III rectal cancer was evaluated in 51 
patients before start of neo-adjuvant treatment. A 
significant difference was present between the two 
groups, of higher and lower platelets, regarding 
pathologic response to neo-adjuvant treatment. There 
was no significant difference in overall and progression 
free survival between the two platelet count groups. 
Pre-treatment carcinoembryonic antigen also held 
prognostic value in regards to treatment effect.
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INTRODUCTION
Platelets play a crucial role in maintaining hemostasis 
and vascular integrity. They are produced from bone 
marrow precursor cells, megakaryocytes, as fragments 
breaking off of the megakaryocytes cytoplasm[1]. 
Abnormalities in platelet number, whether an increase or 
decrease in their circulating number, are associated with 
many pathologic conditions[2]. Cancer is a pathology that 
is often associated with thrombocytosis as the cytokines 
that stimulate thrombopoiesis are often elevated in 

cancer[3]. In addition, thrombocytosis has been found 
to be an adverse prognostic factor in many common 
cancers[4].

Colorectal cancer is a common malignancy and 
one of the leading causes of cancer deaths in both 
men and women[5]. Localized stage rectal cancer is 
typically treated with neoadjuvant chemoradiotherapy 
in addition to adjuvant chemotherapy[6]. Pathologic 
stage is the main prognostic factor and treatment 
modality determinant. Other prognostic factors include 
positive surgical margins, pre-treatment elevation of 
carcinoembryonic antigen (CEA), and high tumour 
grade[7]. Prognostic markers of positive pathologic 
response to neo-adjuvant therapy are also important 
because such response may be associated with survival 
outcomes in rectal cancer[8]. Moreover, being able to 
predict which patients would benefit from neo-adjuvant 
chemoradiation could be important for modification of 
the treatment plan and sparing of patients predicted not 
to respond to this therapy and its adverse effects. Thus, 
additional biomarkers are needed to further promote 
prognostication of rectal adenocarcinomas. In a previous 
study in patients with colorectal adenocarcinomas of 
various stages, pre-treatment thrombocytosis was an 
independent prognostic factor for overall survival (OS) 
and progression-free survival (PFS)[9]. Nevertheless, 
another study in colorectal cancer patients did not 
observe a difference in survival between patients 
with thrombocytosis and normal platelet counts[10]. 
In the current study, we investigated if pre-treatment 
thrombocytosis provides prognostic information 
specifically in patients with stage II and III rectal 
adenocarcinomas that received neo-adjuvant treatment. 
We also investigated the effect of thrombocytosis on 
pathologic outcome at the time of surgery. 

MATERIALS AND METHODS
The case records of 130 patients treated for localized 
rectal cancer at the Algoma District Cancer Clinic 
between January 2008 and January 2015 were 
retrospectively reviewed. Patients were included if they 
had stage II or III disease, had received neo-adjuvant 
treatment, and had complete follow-up. Follow-up 
was considered complete if a patient was followed 
until his or her death, or was seen within the last six 
months from data collection. Fifty one patients fulfilled 
the inclusion criteria and were included in the study. 
Demographic data, as well as histologic characteristics 
of tumors, stage, tumor marker CEA, and pathologic 
response were extracted from the medical records. 
Platelet number at diagnosis of the 51 patients was also 
evaluated. 

Pathologic response at the time of surgery was 
categorized in a five tier scale ranging from no response 
(no evidence of treatment effect on tumor), minimal 
response (some morphologic effect of treatment evident 
but no significant regression of tumor areas), moderate 
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response (evident effect of treatment but significant 
tumor aggregates remaining), good response (only 
occasional scattered tumor cell aggregates remaining) 
and complete response (no evidence of tumor in the 
primary site or the lymph nodes). 

OS was defined as the interval from the date of 
diagnosis to patient death or censored at the date of 
last contact. PFS was defined as the interval from the 
date of diagnosis until date of disease progression or 
censored at the date of last contact without evidence 
of recurrence. For the purpose of this study, patients 
with platelet counts of 150-300 × 109/L were included 
in the lower platelet count group. Patients with counts 
> 300 × 109/L were included in the higher platelet 
count group. This value divided patients in two groups 
with almost equal numbers. Survival plots of the 
patients with lower and higher platelet counts were 
constructed using the Kaplan-Meier method and were 
compared using the Log-Rank test[11]. The χ2 test was 
used to evaluate differenced in clinical and biologic 
characteristics of the two groups[12]. The Student’s t 

test was used for comparison of means. All P values 
were considered to be significant at a level of P < 
0.05. Statistical calculations were performed with 
online tools available from the Technical University of 
Denmark (http://www.iscc-serv2.imm.dtu.dk/) and a 
noncommercial site (http://www.statpages.org/). The 
study was approved by the Institutional Review Board 
of our institution. Due to the retrospective nature of the 
study, no patient consent was required or obtained.

RESULTS
The median age of the patients was 58-year-old. From 
the 51 patients, 26 patients (51%) were included in the 
lower platelet (≤ 300 × 109/L) group and had mean 
platelet counts of 232.5 × 109/L (range, 167-297) 
at diagnosis of their disease (Table 1). Twenty-five 
patients (49%) were in the higher platelet (> 300 × 
109/L) group and had mean platelet counts of 347 × 
109/L (range, 303-693). The median age of the patients 
with lower platelet counts was 59-year-old (range, 
32-79) and those with higher counts was 58-year-
old (range, 24-74). In the lower platelet group 38.5% 
of patients were older than 60-year-old while in the 
higher platelet group 44% were older than 60-year-
old (χ2 test P = 0.69). Forty-four patients in the series 
received neoadjuvant chemoradiation with continuous 
infusion of 5-FU or capecitabine as the chemotherapy 
part. Five additional patients (four in the higher platelet 
group and one patient in the lower platelet group) 
received 1-2 cycles of neo-adjuvant mFOLFOX before 
chemoradiation. Two patients (both in the higher 
platelet group) received neo-adjuvant radiation alone. 
No differences in the two groups were noted in the 
clinical stage at presentation, in the tumor marker CEA 
or patients’ symptoms of presentation (Table 1). The 
type of surgery performed after neo-adjuvant therapy 
(whether an abdominal resection or abdomino-perineal 
resection (APR)/pelvic exenteration with permanent 
colostomy) was also not statistically different in the 
two groups (Table 1). All patients but two had negative 
pathologic surgical margins at surgery. Both patients 
with positive pathologic margins (one in the lower and 
one in the higher platelet group) underwent an APR, 
had minimal pathologic responses and had a recurrence 
12 and 20 mo postoperatively respectively. All patients 
but three had post-operative 5-fluoropyrimidine-based 
chemotherapy. Three patients who had complete patho
logic response (two in the lower platelet group and 
one patient in the higher platelet group) elected not to 
undergo surgery and were placed in close surveillance.

Overall about one third of patients in the series 
were lymph node positive on pathologic examination 
at the time of surgery and the percentage did not 
differ significantly between the two platelet groups 
(p = 0.61) (Table 1). A complete pathologic response 
(defined as no pathologic evidence of tumor in either 
primary site or lymph nodes examined) was obtained 
after neo-adjuvant treatment in 9 patients (17.6%) 

Total (%) 
(n  = 51)

≤ 300 
(n  = 26) 

> 300 
(n  = 25)

c 2

  Age (yr)
     > 60 21 (41.2) 10 (38.5)  11 ( 44.0) P = 0.69
     ≤ 60 30 (58.8) 16 (61.5) 14 (56.0)
  Clinical stage
     II 25 (49.0) 15 (57.7) 10 (40.0) P = 0.21
     III 26 (51.0) 11 (42.3) 15 (60.0)
  CEA (n = 50)
     > 5 25 (50.0) 11 (44.0) 14 (56.0) P = 0.4
     < 5 25 (50.0) 14 (56.0) 11 (44.0)
  Symptoms
     Obstruction/pain 13 (25.5)   6 (23.1)   7 (28.0) P = 0.69
     Bleeding/
     asymptomatic

38 (74.5) 20 (76.9) 18 (72.0)

  Type of surgery
     Anterior resection 27 (52.9) 13 (50.0) 14 (56.0) Anterior 

resection vs
     APR 19 (37.3) 11 (42.3)   8 (32.0) APR/

exenteration
     Pelvic/exenteration 2 (3.9)    0 2 (8.0) P = 0.77
     None 3 (5.9) 2 (7.7) 1 (4.0)
  Pathologic response
     No response 15 (29.4)   8 (30.8)   7 (28.0) No/

minimal/
     Minimal 7 (13.7)   4 (15.3)   3 (12.0) Moderate 

resp vs
     Moderate 15 (29.4)   3 (11.6) 12 (48.0) Good/

complete
     Good 5 (9.8)   5 (19.2)     0 P = 0.015
     Complete   9 (17.6)   6 (23.1)   3 (12.0)
  Lymph nodes at surgery
     Negative 31 (60.8) 15 (57.7) 16 (64.0) P = 0.61
     Positive 16 (31.4)   9 (34.6)   7 (28.0)
     No surgery 3 (5.9) 2 (7.7) 1 (4.0)

Table 1  Baseline characteristics of all patients in the series 
and comparison of the groups with lower (≤ 300 × 109/ L) 
and higher (> 300 × 109/ L) platelet counts n  (%)

Pre-operative CEA not available in one patient. Lymph node evaluation 
was not available in the pathology report in one patient. APR: Abdomino-
perineal resection; CEA: Carcinoembryonic antigen.
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in the series and an additional 5 patients (9.8%) had 
good pathologic responses. No response, minimal or 
moderate response were observed in 15 (29.4%), 7 
(13.7%), and 15 (29.4%) patients respectively. Overall 
pathologic response differed between the groups. 
Eleven patients (42.3%) in the lower platelet group 
had a good or complete pathologic response while only 
three patients in the higher platelet group (12%) had 
such a response (p = 0.015). The mean platelet count 
at diagnosis of good and complete responders was 
249.9 (SD = 69.6) while mean platelet count of no/
minimal/moderate responders group was 327.0 (SD = 
85.6) (t test P = 0.004). Among the 25 patients in the 
elevated platelet group, 16 patients had converted to a 
platelet count below 300 × 109/L after the neo-adjuvant 
treatment, in their pre-operative evaluation, while the 
remaining nine patients remained with a platelet count 
above 300 × 109/L. All three pathologic responders 
were among the 16 converted patients.

In the analysis for possible associated factors with a 
good or complete pathologic response a normal range 
(< 5 μg/L) CEA level at baseline (p = 0.0004) and 
lower platelet counts (p = 0.015) were associated with 
favorable pathologic response (Table 2). Patients that 
were asymptomatic at presentation (evaluated with a 
colonoscopy for anemia) or presented with bleeding 
had a trend towards a better pathologic response 
than patients presenting with obstruction or pain (p = 
0.06). Age and clinical stage at presentation was not 
statistically associated with the degree of pathologic 
response. Logistic regression analysis with pathologic 
response as the outcome variable and platelet counts, 
CEA and symptoms at presentation as the predictor 
variables confirmed that lower platelet counts (p = 0.03, 
odds ratio 0.15, 95%CI: 0.02-0.85) and a normal CEA 

(p = 0.006, OR = 0.04, 95%CI: 0.004-0.41) but not 
symptoms at presentation (p = 0.2, OR = 4.7, 95%CI: 
0.39-55.89) were significantly associated with a good or 
complete pathologic response (Table 3).

The median overall survival of patients that had died 
in the whole cohort (11 of 51 patients) was 21 mo (range 
5-68 mo). In the group of patients with lower platelet 
counts, 4 of the 26 patients (15.4%) had died with a 
median OS of 20 mo (range 5-24 mo). In the group of 
patients with higher platelet counts, 7 of the 25 patients 
(28%) had died with a median OS of 23 mo (range 
7-68 mo). Kaplan-Meier survival analysis showed that 
there was not a statistically significant difference in the 
OS and PFS between patients in the two platelet groups 
(Log-Rank test P = 0.42 and 0.35 respectively) (Figure 
1A and B). PFS of patients with a good or complete 
pathologic response was significantly better than that 
of patients with a lesser pathologic response (Log-
Rank test P = 0.01) (Figure 2A). OS curve of pathologic 
responders clearly separated from lesser responders 
after 2 years but the difference did not reach statistical 
significance (Log-Rank test P = 0.15) (Figure 2B).

Discussion
Thrombocytosis is associated with several underlying 
pathologies among which cancer is included[2]. About 
two out of five patients (40%) with thrombocytosis 
had an occult cancer in one series[11]. Thrombocytosis 
or a higher platelet count defined with various cut-
offs has been confirmed to be an adverse prognostic 
factor in several types of cancer including lung, breast, 
gynecologic and genitourinary[12-16]. It has also been 
studied and suggested to have prognostic relevance 
in virtually every type of gastrointestinal carcinoma 
including gastric, colon and rectal[4].

In a series of Asian patients with colorectal carcino
ma, thrombocytosis, defined as platelets counts greater 
than 300 × 109/L, similarly to our study, was a signifi
cant independent prognostic marker for survival[17]. 
This was confirmed in another large Japanese series 
and a smaller study of European patients[18,19]. An 
American study of 1513 patients with localized colorectal 
cancer that had undergone surgery also evaluated pre-
operative thrombocytosis (defined in this study as more 

No response/
minimal/
moderate

Good/ 
complete

c 2 P  value

  Age (yr)
     > 60 13 (35.1)   8 (57.1) 0.15
     ≤ 60 24 (64.9)   6 (42.9)
  Clinical stage 
     II 16 (43.2)   9 (64.3) 0.18
     III 21 (56.8)   5 (35.7)
  CEA (n = 50) 
     > 5 24 (64.9) 1 (7.7)     0.0004
     < 5 13 (35.1) 12 (92.3)
  Symptoms 
     Obstruction/pain 12 (32.4) 1 (7.1) 0.06
     Bleeding/asymptomatic 25 (67.6) 13 (92.9)
  Platelets
     ≤ 300 15 (40.5) 11 (78.6)   0.015
     > 300 22 (59.5)   3 (21.4)

Table 2  Comparison of characteristics of patients according 
to their pathologic response at surgery (n  = 48) or at post-
neoadjuvant treatment endoscopy (n  = 3) n  (%)

Pre-operative CEA not available in one patient. CEA: Carcinoembryonic 
antigen.

  Variable OR 95%CI P  value

  Platelet count   0.15 0.02-0.85 0.03
  CEA   0.04 0.004-0.41   0.006
  Symptoms at presentation 4.7 0.39-55.8          0.20

Table 3  Logistic regression analysis of pathologic response 
(complete or good vs  moderate or minimal or no response) 
as the outcome variable and platelet counts (≤ vs  > 300 
× 109/L), carcinoembryonic antigen (≤ 5 μg/L vs  > 5 
μg/L) and symptoms (obstruction or pain vs  bleeding or 
asymptomatic) at presentation as the predictor variables

CEA: Carcinoembryonic antigen.

Steele M et al . Platelets in rectal adenocarcinoma
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than 400 × 109/L) as a prognostic factor for various 
survival outcomes[20]. Patients with thrombocytosis had 
a significantly worse overall survival than patients with 
normal platelets. Distant metastatic recurrence, but 
not overall recurrence rate or loco-regional recurrence 
rate, was also worse in patients with thrombocytosis. 
In contrast, another study of 630 patients showed no 
correlation of survival with thrombocytosis defined 
as platelets above 450 × 109/L[10]. Nevertheless this 
study included patients across stages which may have 
confounded results.

Two studies from the Far East have specifically 
examined the prognostic role of platelets in rectal 
cancer patients[9,21]. Both reports used a similar cut-off 
for thrombocytosis of 365 to 370 × 109/L and showed a 
similar percentage of thrombocytosis of about 20%. The 
authorship of the two publications is overlapping and is 
not clear if the patients of the smaller study[21] is a sub-
set of the patients included in the larger study[9]. Both 
a lower platelet count, below the cut-off, and a normal 
CEA were associated with pathologic response[9]. These 
were the only predictors of such response in logistic 
regression analysis.

In order to further clarify the prognostic value of 

platelets in rectal cancer in a predominantly white 
population, in this retrospective study we investigated 
the association between pre-treatment thrombocytosis 
and the effectiveness of neoadjuvant treatment in 
patients with stage II and III rectal adenocarcinoma. We 
also explored the relationship between thrombocytosis 
and both overall and progression free survival. In the 
current cohort of 51 patients we found no significant 
differences between the two groups with lower and 
higher platelet levels regarding the age of patients, 
pre-treatment tumor CEA, symptoms at presentation, 
clinical staging at presentation, and the presence of 
metastatic lymph nodes at the time of surgery. No 
difference was also observed in the type of surgery in 
the two groups. In contrast, a significant difference 
was present regarding the response to neoadjuvant 
treatment as patients with lower platelet counts were 
more likely to have a good or complete pathologic 
response to pre-operative treatment than patients 
with higher platelet counts (p = 0.015). There was no 
statistical difference in the OS or PFS of the two platelet 
groups (Log-Rank test p = 0.47 and 0.35 respectively).

The CEA tumor antigen at presentation was also 
a prognostic marker for pathologic response (p = 
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Figure 1  Kaplan-Meier overall survival (A) and progression free survival (B) curves in months from the diagnosis of rectal adenocarcinoma of patients 
with lower platelet counts (150-300 × 109/L, labeled: nl) vs patients with higher platelet counts (> 300 × 109/L, labeled: thrombo). Log-Rank tests P = 0.47 (A), 
P = 0.35 (B).
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Figure 2  Kaplan-Meier progression-free survival (A) and overall survival (B) curves in months from the diagnosis of rectal adenocarcinoma of patients 
with a good or complete pathologic response (labeled: Good/compl) vs patients with no response or a minimal or moderate response (labeled: No/min/
mod). Log-Rank tests P = 0.01 (A), P = 0.15 (B).
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0.0004). Patients with a CEA of less than 5 were more 
likely to have a good or complete response to neoadju
vant treatment than those that presented with a CEA 
greater than 5. A higher pre-treatment CEA has been 
associated with advanced locoregional disease and 
therefore may be linked to poorer local control[22]. 
Our data confirm that CEA is prognostic for PFS and 
predictive for pathologic response to neoadjuvant 
therapy, as suggested previously[22,23]. 

The pathogenesis of thrombocytosis in cancer 
involves production of interleukin-6 (IL-6) at least in 
some malignancies. In ovarian carcinoma, for example, 
thrombocytosis was significantly correlated with plasma 
levels of IL-6[14]. This was investigated in mice bearing 
ovarian cancer xenografts of human origin, where human 
IL-6 was found to stimulate hepatocytes via the IL-6 
receptor, producing thrombopoietin. Authors proposed 
that ovarian cancer cells produce IL-6, which functions by 
stimulating mice liver to produce thrombopoietin, which 
in turn positively regulates megakaryocyte progenitors in 
the bone marrow[14]. In renal carcinoma, most examined 
cases were positive for IL-6 by immunohistochemistry[24]. 
Serum levels of IL-6 were also elevated in prostate and 
breast cancer patients[25,26]. Thus cancer cell-derived 
IL-6 is a trigger of tumor-induced thrombocytosis across 
various cancers. 

The pathophysiology of platelets’ contribution to 
carcinogenesis involves a protective effect on circulating 
tumor cells from the attack of the immune system[27]. 
In addition platelets contribute to the attachment of 
tumor cells to endothelial cells at sites of metastases. 
Aggregates of platelets and tumor cells embolize in the 
microcirculation and facilitate the process of extravasation 
of tumor cells in metastatic sites. Platelets promote 
carcinogenesis by their normal function of promoting 
vascular integrity[28]. They protect the integrity of newly 
formed tumor vasculature which is prone to hemorrhage 
and prevent bleeding in tumor beds[29]. Platelets contain 
several types of active macromolecules and cytokines in 
their granules. These include vascular endothelial growth 
factor (VEGF), EGF, platelet-derived growth factor, 
hepatocyte growth factor, transforming growth factor β 
(TGFβ), IL-1β, IL-8, CXC motif containing ligand 12 and 
Sphingosine-1-phosphate[30,31]. These factors have the 
potential to contribute to metastatic tumor establishment 
and progression. For example, platelet-derived TGFβ 
promotes epithelial to mesenchymal transition program 
in tumor cells through Smad and NF-κB signaling[32]. This 
program provides epithelial cells with a mesenchymal 
phenotype that promotes mobility and metastases while 
protecting them from apoptosis due to lack of adhesion 
(anoikis)[33]. It has also been found that platelets from 
cancer patients have a higher VEGF level than platelets 
from patients without cancer[34]. Interestingly, serum 
VEGF is not consistently elevated in cancer, with the 
exception of renal carcinoma, if methods are adequate 
in order to prevent platelet activation during venipunc
ture[34]. As a result, platelet levels could provide a better 
reflection of VEGF concentrations in the primary and 

metastases sites micro-environment where they are 
activated and participatete to tumor angiogenesis. 

In conclusion, this retrospective analysis of patients 
with stage II and stage III localized rectal cancer patients 
shows that higher platelets counts (defined in the 
current study as platelets more than 300 × 109/L) 
at the time of disease diagnosis has prognostic value 
regarding treatment effect outcome. Additionally, it was 
shown that pretreatment tumor CEA also has prognostic 
value regarding treatment effect outcome. Further 
study is needed in more extensive series to confirm 
these results, clarify survival prognostication value 
and to test whether thrombocytosis may be used as a 
predictive marker for specific therapies. It would be of 
particular interest to evaluate the role of thrombocytosis 
as a predictive element of anti-VEGF treatments. In 
this regard a study of metastatic renal cell cancer 
patients has shown that those with thrombocytosis 
have an increased probability for refractoriness to anti-
VEGF treatments than patients with normal platelets 
counts[35]. Moreover, given the presumed role of plate
lets as protectors of circulating tumor cells from immune 
attack, an investigation into thrombocytosis as a pre
dictive marker of response to the newly introduced 
immune checkpoint inhibitors may be worth pursuing.
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effectiveness of neo-adjuvant cancer treatment.

Terminology
Platelet counts are part of the Complete Blood Count standard laboratory 
evaluation. Rectal cancers are adenocarcinomas of the terminal part of the colon 
below the peritoneal fold.

Peer-review
The manuscript is concise, clear, and comprehensive. The purpose, results, and 
conclusion are clearly stated. The manuscript provides new information and it 
induce new research.
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