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Abstract

The validation of histological prognostic markers in colorectal cancer not only for survival parameters but also for early postoperative outcomes
is of paramount importance. The aim of our study was to search for the tumor histopathological (HP) characteristics that may influence the
postoperative morbidity, especially the occurrence of anastomotic leakage. Our results indicated that peritumoral inflammatory cell infiltrate
appeared to correlate with both anastomotic fistula and overall postoperative complications. Likewise, high-grade and undifferentiated colorectal
tumors seemed to be correlated with a higher incidence of postoperative leakage and complications. No relation could be established between

the other HP features and the postoperative untoward outcomes.
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=& Introduction

Colorectal cancer (CRC) is the most common type of
abdominal malignancy and the third most lethal malignancy
in the world [1]. Given the high mortality and increasing
incidence, especially in young adults, numerous efforts are
made to better understand the pathogenesis and to find
new tools for fighting this disease [2, 3]. Tumor micro-
environment plays a decisive role in its progression, acting
as a mounting pad for local progression, but also as a
potential modulating agent for the local inflammatory
response [4]. Although the relation between inflammation
and cancer is well recognized, the role of the colorectal
tumor inflammatory environment on various therapeutic
strategies remains obscure [5]. Likewise, other tumoral
characteristics such as grading, and vascular and perineural
invasion, may play a bigger role than expected in tumoral
and host response in relation to the wide array of treatment
options.

Surgery remains the cornerstone of CRC treatment,
but it is associated with a high rate of postoperative
complications, with anastomotic leakage (AL) being one
of the most dreaded one. The morbidity associated to AL
remained a crucial determinant for the early surgical
outcomes in CRC surgery, with numerous attempts being
made to better predict the risk for AL by analyzing a vast
array of pre- and intraoperative variables [6—8]. Most of
these attempts are either too complex or time consuming,
and require additional resources and extended competences,

making them unsuitable for current surgical practice. On
the other hand, the role of the tumor, node, metastasis
(TNM) system, as a simple and practical instrument for
treatment planning and prognosis may be overrated, as there
are many more local factors involved in tumor progression
and therapeutic response. However, surprisingly little effort
was made to analyze the impact of the basic histopathological
(HP) characteristics of the tumor, such as local immune
response, grading, perineural or vascular invasion. In most
cases, these HP data are well documented and make a
mandatory condition before any oncological surgical
procedure.

Aim

The aim of this study was to identify the potential
tumor HP characteristics that may hinder the anastomotic
healing process and lead to postoperative fistula formation
in patients undergoing surgery for left colon and rectal

cancer. Additionally, we analyzed the impact of these HP
features on the surgical-related postoperative complications.

= Patients, Materials and Methods
Study population and design

This retrospective study included all cases with a
confirmed diagnosis of left colon or rectal cancer that
underwent colorectal anastomosis in a tertiary hospital
between January 2017 and December 2021. The relevant
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demographic and clinical data as well as the pathology
reports were obtained from the electronic medical database
of the Emergency County Hospital of Craiova, Romania.
The study was conducted according to the Guidelines of
the Declaration of Helsinki and approved by the Ethics
Committee of the University of Medicine and Pharmacy
of Craiova (Protocol Code 71/28.04.2022). Informed consent
was obtained from all subjects involved in the study.
The clinico-demographic variables consisted of aspects
such as age, sex, comorbidities, type of admission, and
clinical symptoms. Tumor variables included relevant data
about primary site, HP subtype, dimensions, grading, local
tumor extension, lymph node invasion, metastases, vascular
and perineural invasion, and tumor inflammatory cell
infiltrate. Surgical variables analysis mentioned essential
intra- and postoperative aspects, including the surgical
procedure, the type of anastomosis, surgical margins, and
the occurrence of postoperative complications or AL.
The exclusion criteria referred to patients with
clinically confirmed active infection or chronic inflammatory
condition, those admitted in the emergency setting, and
all cases undergoing colostomy or ileostomy. Postoperative
complications were distributed into five groups according
to the Clavien—Dindo classification, while the ALs were
defined in accordance with the recommendations of the
International Study Group of Rectal Cancer (ISREC), based
on specific clinical or radiological findings [9, 10].
Tumor stage was classified according to the 7% edition
of the American Joint Committee on Cancer (AJCC), while
the analysis of the grading was based on the World Health
Organization (WHO) Classification of Tumors [11-13].

Histological technique

The biological material harvested during surgery,
consisting of the colon or rectal tumor together with the
adjacent safety margins, underwent 10% (v/v) neutral
buffered formalin tissue fixation, followed by washing with
running tap water for one hour. Afterwards, the samples
underwent successive passing of increasing concentrations
of alcohol (70%, 90%, 96%, and 100%), three hours long
xylene incubations, and paraffin impregnation at 56°C.
The paraffin blocks were cut to a thickness of 4 um using
a HMB350 rotary microtome (ThermoScientific), and
the sections were applied to poly-L-lysine treated slides
followed by 24 hours drying in the thermostat set at 37°C.
Subsequently, classical Hematoxylin—Eosin (HE) staining
protocol was applied, and the slides were analyzed using
light microscopy (Panthera L; Motic). The classification
of the tumoral inflammatory infiltrate was performed in
accordance to the Klintrup—Mékinen (K—M) criteria on a
scale from 0 to 3, where K—M class of “0” expressed no
inflammatory cell infiltrate, class “1” corresponded to a
reduced or patchy infiltrate, class “2” defined an important
inflammatory cell infiltrate potentially associated with
cancer cell destruction, while class “3” corresponded to
“cup-like” florid peritumoral cell infiltrate [ 14]. Based on
this initial evaluation of the pathology team, the peritumoral
inflammatory reaction was further classified into low-score
(K-M 0 and 1) and high-score (K-M 2 and 3). In randomly
selected cases, the peritumoral inflammatory reaction was
confirmed by immunohistochemical (IHC) staining for
T- and B-type lymphocytes, as well as for macrophage

markers [cluster of differentiation (CD)3, CD20, and CD68,
respectively].

Statistical analysis

Microsoft Excel and IBM Statistical Package for Social
Sciences (SPSS) version 20.0 software were used for data
analysis. The categorical variables displayed as absolute and
percent values, were analyzed using cross-tabulation and
Fisher’s exact test or y? (chi-squared) test. The grouping
variables (<anastomotic leakage> and <postoperative
complications>) were analyzed as dichotomous variables.
For ordinal values, Spearman’s rho (p) was used to evaluate
the strength of the relationship between variables. Statistically
significant results were considered if p<0.05 corresponding
to a 95% confidence interval (CI).

& Results
Clinical characteristics of the enrolled patients

We selected 197 consecutive cases of left colon and
rectal cancers that fit the diagnosis criteria and were admitted
to our Surgical Department between 2017 and 2022, out of
which 95 had a colorectal anastomosis performed. After
applying the exclusion criteria, data on 91 patients was
included (54 males and 38 females), with a median of
67 years (range 2788 years).

End-to-end hand-sewn anastomosis was performed in
64 (70.33%) cases, while mechanical colorectal anastomosis
was used in 27 (29.67%) patients. Postoperatively, 27 patients
developed surgical-related complications, with 16 patients
being diagnosed with AL.

The analysis of the clinical characteristics of our group
indicated a high incidence of cardiovascular comorbidities
(54.9%), followed by obesity (14.2%) and diabetes (7.6%).

Histopathological features

All cases taken into analysis were adenocarcinomas,
most of them being the conventional/not otherwise
specified (NOS) type. In 17 cases, cribriform comedo-
type adenocarcinoma was observed, with tumors displaying
mucinous features (mucin <50%) accounting for 10 cases,
while mucinous adenocarcinoma (mucin >50%) was present
in four cases.

The analysis of the grading showed that most cases
were low-grade, formerly well-differentiated (G1 — 54.9%)
or moderately differentiated tumors (G2 — 36.2%), with
poorly or undifferentiated tumors accounting for 8.8% of
cases (six cases of G3 and two cases of G4, respectively)
(Figure 1A).

TNM staging indicated that 45% of the enrolled patients
were staged as T3 (41 patients), while in 27.5% of cases the
tumor penetrated the surface of the visceral peritoneum
(T4a — 15 patients) or invaded the nearby organs (T4b —
10 patients). The lymph node involvement was uniformly
distributed between NO and N1 (43 vs 39 cases), with
cancer cells identified in more than three lymph nodes (N3)
in eight cases.

Out of the 946 lymph nodes that were analyzed (average
10.39), a total number of 138 (average 1.51) displayed sign
of neoplastic invasion.

Metastatic disease was identified in 11% of cases
(Table 1). None of the 91 cases had tumoral invasion in
the distal or in the circumferential resection margin.
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Table 1 — Clinico-demographic and HP features of the

enrolled cases
Variable Subtypes N (91) Percentage
Mean+SD  66.40+11.00
Age [years]
Range 27-96
Male 53 58.2%
Sex
Female 38 41.8%
Cardiovascular o
diseases 50 54.9%
Comorbidities Diabetes 7 7.6%
mellitus )
Obesity 13 14.2%
T, 5 5.5%
T, 20 22%
Ts 41 45%
Staging (TNM) T4 25 27.5%
aging
No 43 47.2%
N4 39 42.9%
[\ 9 9.9%
M 10 1%
0 16 17.6%
Tumor 1 27 29.7%
inflammatory
cell infiltrate 2 31 34%
3 17 18.7%
G1 50 54.9%
Grading G2 33 36.2%
G3/G4 8 8.8%
Overall 27 29.6%
Postopergtlve AL 16 17.6%
complications
Deaths 5 5.5%

AL: Anastomotic leakage; HP: Histopathological; N: No. of cases; SD:
Standard deviation; TNM: Tumor, node, metastasis.

Based on the K—M criteria, the tumoral inflammatory cell
reaction was estimated as mild in 27 cases (K-M1; 29.6%),
intermediate in 31 cases (K-M2; 34%), and prominent in
17 cases (K—M3; 18.6%) (Figure 1B). In 16 cases (K-MO;

17.5%), no increase in inflammatory cell infiltrate was
noticed. In five cases, microabscesses were observed, all
of which displaying an intense peritumoral inflammatory
cell infiltrate.

Perineural invasion, considered as the presence of
neoplastic cells in the perineural space covering over 30%
of the nerve circumference or within any layer of the nerve
sheath, was documented in 16 (17.58%) cases (Figure 2A).
Vascular invasion in the primary tumor was identified in
a similar number of patients (Figure 2B).

No statistical association was observed between perineural
and vascular invasion, and grading, inflammatory cell infiltrate
or the TNM staging characteristics. However, perineural
invasion occurred more frequently in cases with vascular
invasion [p<0.001, odds ratio (OR) 12.49, 95% CI 3.55—
43.91]. The IHC staining confirmed lymphocyte (CD3,
CD20) and macrophage (CD68) reaction at the invasive
front area (Figure 3, A—C).

Histopathological impact on surgical outcome

We classified the extent of tumoral inflammatory cell
infiltrate into <low density>, corresponding to K—M classes
of 0 and 1, and <high density> for K-M class of 2 and 3.
Likewise, the grading was also divided into two subgroups:
<low-grade> consisting of tumor grading 1 and 2 (G1, G2),
and <high-grade> for tumor grading of 3 and 4 (G3, G4).

The overall peritumoral inflammatory reaction score was
positively correlated with the occurrence of AL (p=0.446),
while only a moderate relationship was observed between
tumor grading and postoperative leakage (p=0.388) (Table 2).
In case of postoperative morbidity, tumor inflammatory
cell infiltrate moderately correlated with the overall post-
operative complications (p=0.375), with tumor differentiations
displaying a weak relationship with this grouping variable
(p=0.257) (Table 3).

Neither the histological subtype, nor the perineural
and vascular invasion were associated with increased risk
for either AL or surgical-related complications. The TNM
staging did not seem to influence the anastomotic outcomes
or the overall postoperative morbidity.

PE

ne

S Rl 3 7 55 Dater y 7 " "
\ P e TPASN “z
w 3 "S{” ;?g‘_/’,‘ - WAL

P V= WET W Wl v i B

A

:E),"g; V»-'
s
¥

Figure 1 — Morphopathological microscopic aspects of colon adenocarcinoma: (A) Colorectal adenocarcinoma, NOS,
low-grade, with extensive necrotic areas; (B) Colon adenocarcinoma, NOS, high-grade, abundant acute inflammatory
infiltrate. HE staining: (A and B) x200. HE: Hematoxylin—Eosin; NOS: Not otherwise specified.
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Figure 2 — Morphopathological microscopic aspects of colon adenocarcinoma: (A) Colon adenocarcinoma, NOS, low-

grade, with perineural invasion; (B) Colon adenocarcinoma, NOS, low-grade, vascular invasion. HE staining: (A and B)
x200. HE: Hematoxylin—Eosin; NOS: Not otherwise specified.

Figure 3 — IHC morphopathological aspects of peritumoral
inflammatory infiltrate in colon adenocarcinoma (%200):
(A) Moderate CD3-positive lymphocyte peritumoral
reaction; (B) Moderate CD20-positive lymphocyte
reaction in the peritumoral space; (C) Moderate CD68-
positive macrophages peritumoral and intratumoral
reaction. CD: Cluster of differentiation;

IHC: Immunohistochemical.

Table 2 — The analysis of main HP risk factors in patients with AL after CRC surgery
Without AL With AL p Rho

H 0,
HP variable 75 cases (82.4%) 16 cases (17.5%)  (Fisher)  OR 95%Cl  spearman)*
Inflammatory infiltrate
Low density (KM 0—1) 41 (45.05%) 2(2.19%)
0.002 844  1.79-39.76 0.446
High density (K—M 2-3) 34 (37.36%) 14 (15.38%)
Grading
Low-grade (G1—-G2) 70 (76.92%) 11 (12.08%)
0.013 636  1.58-25.62 0.388

High-grade (G3-G4) 5 (5.49%) 5 (5.49%)
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. Without AL With AL p o Rho
HP variable 75 cases (82.4%) 16 cases (17.5%)  (Fisher)  OR 95%Cl  (spearman)*
Perineural invasion
=) 63 (70.32%) 12 (12.08%)
0.47 1.75 0.48-6.35 —
(+) 12 (12.08%) 4 (5.49%)
Vascular invasion
) 64 (73.62%) 11 (8.79%)
0.14 2.64 0.76-9.09 —
(+) 11 (12.08%) 5 (5.49%)

*Spearman’s rho (p) was calculated for ordinal variables (inflammatory infiltrate 0—4; tumor grading G1-G4). AL: Anastomotic leakage; Cl:
Confidence interval; CRC: Colorectal cancer; HP: Histopathological; K-M: Klintrup—Makinen score; OR: Odds ratio.

Table 3 — The analysis of the main HP risk factors in patients with postoperative complications after CRC surgery

. Without SC With SC P o Rho
HP variable 64 cases (70.3%) 27 cases (29.7%)  (Fisher)  OR 95%Cl spearman)*
Inflammatory infiltrate
Low density (K—-M 0—1) 36 (39.56%) 7 (7.69%)
0.011 3.67 1.36-9.90 0.375
High density (K—-M 2-3) 28 (30.76%) 20 (21.97%)
Grading
Low-grade (G1-G2) 59 (64.83%) 22 (24.17%)
0.15 2.68 0.70-10.16 0.257
High-grade (G3-G4) 5 (5.49%) 5 (5.49%)
Perineural invasion
(-) 53 (58.24%) 22 (24.17%)
0.54 1.09 0.34-3.52 -
(+) 11 (12.08%) 5 (5.49%)
Vascular invasion
(=) 55 (60.43%) 20 (21.97%)
0.22 213 0.70-6.50 -
(+) 9 (9.89%) 7 (7.69%)

*Spearman’s rho (p) was calculated for ordinal variables (inflammatory infiltrate 0—4; tumor grading G1-G4). CRC: Colorectal cancer; HP:
Histopathological; K—M: Klintrup—Makinen score; OR: Odds ratio; SC: Surgical complications.

& Discussions

The colorectal anastomotic healing is a complex process
involving numerous biological mechanisms, some of which
are not yet fully elucidated. This knowledge gap mobilized
the efforts of surgical research teams to better understand the
factors that interfere with the anastomotic healing process
and the physiopathology of postoperative leakage. The
complexity of this issue is augmented by the numerous
morphopathological changes, including altered inflammatory
reaction, tumor-induced angiogenesis, local tissue remodeling,
etc., that occur in the context of CRC and may hinder the
normal healing process [15-17].

Our study investigated the potential influence of common
tumoral histological features on the postoperative results,
with special emphasis on anastomotic fistula. We chose
those morphopathological characteristics that are readily
available prior to surgery, such as peritumoral inflammatory
infiltrate, tumoral grading, local tumor extension, and lymph
node involvement.

The analysis of the short-term impact of these factors
indicated clear and significant correlations between tumoral
inflammatory infiltrate and the postoperative outcomes,
especially the risk for anastomotic fistula. This finding is
surprising, as most studies only emphasized the role of
inflammatory cell infiltrate at the invasive margin in solid
cancers for long-term survival, while there are no data
concerning its influence on the postoperative outcomes,
especially in CRC surgery [18, 19].

Cancer-induced inflammation can be a consequence of
mutations initiated by the neoplastic process or by intra-
tumoral necrosis and is often potentiated by the overall
proinflammatory status caused by extrinsic cancer risk
factors, such as obesity, diabetes, smoking, or excessive
alcohol consumption [20-22]. The peritumoral inflammatory
response, as a marker of the interaction between the neoplastic
process and the host, may influence local physiopathological
processes in many ways. The most important mechanism
is the inflammation-induced procoagulant pathway, which
invariably leads to microthromboses and local ischemia
[23, 24]. Together with the acidic microenvironment and
local ischemia, the peritumoral inflammation can have a
detrimental effect on initial postoperative anabolic response
phase, including anastomotic healing [25-27].

On the other hand, prolonged inflammation may impede
local anastomotic healing by excessive mobilization of
macrophages and lymphocytes, with subsequent secretion
and regulation of proteases and matrix metalloproteinases,
associated with a dysregulation in growth factor synthesis
and impeded lymphoblastic migration and growth [28-30].

The presence of peritumoral inflammatory infiltrate,
together with the proinflammatory status in the early post-
operative period may lead to an increased risk for surgical-
related untoward outcomes, the most important one being
the AL or dehiscence.

Based on these premises, the analysis the relationship
between the tumoral inflammatory infiltrate and routine
postoperative endpoints seems reasonable and may allow
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to uncover a potential role of cancer-related inflammation
on postoperative recovery and, more specifically, on
anastomotic healing process.

Surprisingly, another HP factor that influenced the short-
term postoperative outcomes was tumor grading. Although
a modest level of correlation was observed between the
degree of tumor differentiation and the incidence of
anastomotic fistula, the results should prompt more efforts
to expand the research in this area.

The main drawback of this study was the small number
of cases included in the analysis, which may have partially
distorted results and prevented them from being extrapolated.

& Conclusions

Local tumor cell infiltrate and, to a lesser extent, the
grading, seem to play a role in the postoperative outcomes
after CRC surgery. Tumor inflammatory cell infiltrate in
particular seem to influence anastomotic healing process
and the risk for postoperative leakage after CRC surgery.

Conflict of interests
The authors declare no conflict of interests.

Funding

This study was supported from the research grant
“Preoperative prognostic bio-humoral markers in radical
digestive oncologic surgery based on atomic absorption
spectrometry (MAGNUS)”, No. 26/22C/13.07.2021, University
of Medicine and Pharmacy of Craiova, Romania.

Authors’ contribution
Stefan Patragcu and Daniela Marinescu equally contributed
to this article.

Availability of data and materials
All data generated or analyzed during this study are
included in this article.

References

[11 Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal
cancer: incidence, mortality, survival, and risk factors. Prz
Gastroenterol, 2019, 14(2):89-103. https://doi.org/10.5114/pg.
2018.81072 PMID: 31616522 PMCID: PMC6791134

[2] Popescu RC, Tocia C, Brinzan C, Cozaru GC, Deacu M,
Dumitru A, Leopa N, Mitroi AF, Nicolau A, Dumitru E. Molecular
profiling of the colon cancer in South-Eastern Romania: results
from the MERCUR study. Medicine (Baltimore), 2021, 100(1):
€24062. https://doi.org/10.1097/MD.0000000000024062 PMID:
33429770 PMCID: PMC7793453

[3] LeopaN, Dumitru E, Dumitru A, Tocia C, Prazaru MD, Costea DO,
Popescu RC. The clinicopathological differences of colon
cancer in young adults versus older adults. J Adolesc Young
Adult Oncol, 2022 Mar 18. https://doi.org/10.1089/jayao.2021.
0184 PMID: 35319280

[4] Park JH, McMillan DC, Powell AG, Richards CH, Horgan PG,
Edwards J, Roxburgh CSD. Evaluation of a tumor micro-
environment-based prognostic score in primary operable
colorectal cancer. Clin Cancer Res, 2015, 21(4):882—888. https://
doi.org/10.1158/1078-0432.CCR-14-1686 PMID: 25473000

[6] Jakubowska K, Kisielewski W, Kanczuga-Koda L, Koda M,
Famulski W. Diagnostic value of inflammatory cell infiltrates,
tumor stroma percentage and disease-free survival in patients
with colorectal cancer. Oncol Lett, 2017, 14(3):3869-3877.
https://doi.org/10.3892/01.2017.6639 PMID: 28927159 PMCID:
PMC5588066

[6] Zhou S, Zhou H, Zheng Z, Liang J, Zhou Z, Wang X. Predictive
risk factors for anastomotic leakage after anterior resection of
rectal cancer in elderly patients over 80 years old: an analysis
of 288 consecutive patients. World J Surg Oncol, 2019, 17(1):

112. https://doi.org/10.1186/s12957-019-1655-z PMID: 31255181
PMCID: PMC6599342

[71 Rutkowski A, Olesinski T, Zajac L, Bednarczyk M, Szpakowski M.
The risk of anastomotic leakage after anterior resection: retro-
spective analysis of 501 rectal cancer patients operated without
protective stoma. Minerva Chir, 2017, 72(6):491-498. https://
doi.org/10.23736/S0026-4733.17.07411-9 PMID: 28621509

[8] Tortorelli AP, Alfieri S, Sanchez AM, Rosa F, Papa V, Di
Miceli D, Bellantone C, Doglietto GB. Anastomotic leakage
after anterior resection for rectal cancer with mesorectal
excision: incidence, risk factors, and management. Am Surg,
2015, 81(1):41-47. PMID: 25569064

[9] Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg, 2004, 240(2):
205-213. https://doi.org/10.1097/01.sla.0000133083.54934.ae
PMID: 15273542 PMCID: PMC1360123

[10] Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B,
Ulrich A, Holm T, Wong WD, Tiret E, Moriya Y, Laurberg S,
den Dulk M, van de Velde C, Biichler MW. Definition and
grading of anastomotic leakage following anterior resection
of the rectum: a proposal by the International Study Group of
Rectal Cancer. Surgery, 2010, 147(3):339-351. https://doi.org/
10.1016/j.surg.2009.10.012 PMID: 20004450

[11] Edge SB, Compton CC. The American Joint Committee on
Cancer: the 7" edition of the AJCC Cancer Staging Manual and
the future of TNM. Ann Surg Oncol, 2010, 17(6):1471-1474.
https://doi.org/10.1245/s10434-010-0985-4 PMID: 20180029

[12] Hamilton SR, Aaltonen LA (eds). Pathology and genetics of
tumours of the digestive system. 3" edition, vol. 2, World Health
Organization (WHO) Classification of Tumours, International
Agency for Research on Cancer (IARC) Press, Lyon, France,
2000. https://publications.iarc.fr/Book-And-Report-Series/Who-
Classification-Of-Tumours/Pathology-And-Genetics-Of-Tumours-
Of-The-Digestive-System-2000

[13] World Health Organization (WHO) Classification of Tumours
Editorial Board. Digestive system tumours. International Agency
for Research on Cancer (IARC) Press, Lyon, France, 2019,
177-187. https://publications.iarc.fr/Book-And-Report-Series/
Who-Classification-Of-Tumours/Digestive-System-Tumours-
2019

[14] Klintrup K, Makinen JM, Kauppila S, Vare PO, Melkko J,
Tuominen H, Tuppurainen K, Makela J, Karttunen TJ, Makinen MJ.
Inflammation and prognosis in colorectal cancer. Eur J Cancer,
2005, 41(17):2645—-2654. https://doi.org/10.1016/j.ejca.2005.
07.017 PMID: 16239109

[15] Scripcariu V, Ciobanu Apostol DG, Dumitrescu GF, Turliuc MD,
Sava A. Clinical, histopathological and immunohistochemical
features of brain metastases originating in colorectal cancer:
a series of 27 consecutive cases. Rom J Morphol Embryol, 2020,
61(1):81-93. https://doi.org/10.47162/RJME.61.1.09 PMID:
32747898 PMCID: PMC7728123

[16] llie DS, Mitroi G, Paun |, Tenea-Cojan TS, Neamtu C, Totolici BD,
Sapalidis K, Mogoanta S$, Murea A. Pathological and immuno-
histochemical study of colon cancer. Evaluation of markers
for colon cancer stem cells. Rom J Morphol Embryol, 2021,
62(1):117—124. https://doi.org/10.47162/RIME.62.1.11 PMID:
34609414 PMCID: PMC8597393

[17] Raduta D, Dinca OM, Micu GV, Nichita L, Cioplea MD, Busca RM,
Ardeleanu R, Mateescu RB, Bengus A, Zurac SA, Popp CG,
Vladan GC. MLH1, BRAF and p53 — searching for significant
markers to predict evolution towards adenocarcinoma in colonic
sessile serrated lesions. Rom J Morphol Embryol, 2021, 62(4):971—
979. https://doi.org/10.47162/RIJME.62.4.09 PMID: 35673816
PMCID: PMC9289700

[18] Mohammed ZMA, Going JJ, Edwards J, Elsberger B, Doughty JC,
McMillan DC. The relationship between components of tumour
inflammatory cell infiltrate and clinicopathological factors and
survival in patients with primary operable invasive ductal
breast cancer. Br J Cancer, 2012, 107(5):864-873. https://
doi.org/10.1038/bjc.2012.347 PMID: 22878371 PMCID: PMC
3426752

[19] Roxburgh CS, Salmond JM, Horgan PG, Oien KA, McMillan DC.
Tumour inflammatory infiltrate predicts survival following curative
resection for node-negative colorectal cancer. Eur J Cancer,
2009, 45(12):2138-2145. https://doi.org/10.1016/j.ejca.2009.
04.011 PMID: 19409772




The histopathological features and their prognostic impact in the postoperative follow-up of colorectal cancer patients 561

[20] Singh N, Baby D, Rajguru JP, Patil PB, Thakkannavar SS,
Pujari VB. Inflammation and cancer. Ann Afr Med, 2019, 18(3):
121-126. https://doi.org/10.4103/aam.aam_56_18 PMID:
31417011 PMCID: PMC6704802

[21] Wang K, Karin M. Tumor-elicited inflammation and colorectal
cancer. Adv Cancer Res, 2015, 128:173-196. https://doi.org/
10.1016/bs.acr.2015.04.014 PMID: 26216633

[22] Mitroi AF, Leopa N, Dumitru E, Brinzan C, Tocia C, Dumitru A,
Popescu RC. Association of TCF7L2, CASC8 and GREM1
polymorphisms in patients with colorectal cancer and type Il
diabetes mellitus. Genes (Basel), 2022, 13(8):1297. https://
doi.org/10.3390/genes13081297 PMID: 35893034 PMCID:
PMC9332733

[23] Falanga A, Marchetti M, Vignoli A. Coagulation and cancer:
biological and clinical aspects. J Thromb Haemost, 2013, 11(2):
223-233. https://doi.org/10.1111/jth.12075 PMID: 23279708

[24] Thalin C, Demers M, Blomgren B, Wong SL, von Arbin M,
von Heijne A, Laska AC, Wallén H, Wagner DD, Aspberg S.
NETosis promotes cancer-associated arterial microthrombosis
presenting as ischemic stroke with troponin elevation. Thromb
Res, 2016, 139:56—64. https://doi.org/10.1016/j.thromres.2016.
01.009 PMID: 26916297 PMCID: PMC4769435

[25] Nemeth DV, Baldini E, Sorrenti S, D’Andrea V, Bellini MI.
Cancer metabolism and ischemia—reperfusion injury: two sides

Corresponding authors

of the same coin. J Clin Med, 2022, 11(17):5096. https://doi.
org/10.3390/jcm11175096 PMID: 36079025 PMCID: PMC
9457267

[26] Pillai SR, Damaghi M, Marunaka Y, Spugnini EP, Fais S,
Gillies RJ. Causes, consequences, and therapy of tumors
acidosis. Cancer Metastasis Rev, 2019, 38(1-2):205-222.
https://doi.org/10.1007/s10555-019-09792-7 PMID: 30911978
PMCID: PMC6625890

[27] Corbet C, Feron O. Tumour acidosis: from the passenger to
the driver's seat. Nat Rev Cancer, 2017, 17(10):577-593.
https://doi.org/10.1038/nrc.2017.77 PMID: 28912578

[28] Koh TJ, DiPietro LA. Inflammation and wound healing: the
role of the macrophage. Expert Rev Mol Med, 2011, 13:e23.
https://doi.org/10.1017/S1462399411001943 PMID: 21740602
PMCID: PMC3596046

[29] Morgan RB, Shogan BD. The science of anastomotic healing.
Semin Colon Rectal Surg, 2022, 33(2):100879. https://doi.
org/10.1016/j.scrs.2022.100879 PMID: 35937614 PMCID:
PMC9355065

[30] ShiJ, Wu Z, Li Z, Ji J. Roles of macrophage subtypes in bowel
anastomotic healing and anastomotic leakage. J Immunol Res,
2018, 2018:6827237. https://doi.org/10.1155/2018/6827237
PMID: 29670921 PMCID: PMC5835259

Maria Andreea Firut, MD, PhD Student, Department of Surgery, University of Medicine and Pharmacy of Craiova,
2 Petru Rares Street, 200349 Craiova, Dolj County, Romania; Phone +40351-443 565, e-mail: andreea.firut@yahoo.com

lonela Rotaru, MD, PhD, Department of Hematology, University of Medicine and Pharmacy of Craiova, 2 Petru Raresg
Street, 200349 Craiova, Dolj County, Romania; Phone +40351-443 565, e-mail: rodirot@yahoo.com

Received: July 23, 2022

Accepted: December 8, 2022




