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Abstract: Introduction: The current state of pathology practice and the variability in diagnosing pT4a
colon cancer have been underexplored in existing studies. Our objective was to establish a specific
cutoff point to distinguish between the pathological stages of pT3 and pT4a in colon cancer. Methods:
We conducted a cross-sectional study involving pT3 and pT4 (pN0-2, cM0) colon cancers, measuring
the distance to the serosa. Patients were categorized and analyzed based on this distance and the
peritoneal reaction, with the aim being to ascertain their prognostic implications. Results: A total of
384 patients were analyzed. Patients with a distance between the invading front of cancer and the
serosa ≥ 1 mm without a peritoneal reaction exhibited a median survival of 118 months, contrasting
the amount of 70 months for those with <1 mm plus peritoneal reaction. Only lengths <1 mm with
peritoneal reaction showed a significant correlation with mortality (p < 0.001). Conclusion: Our
study revealed that patients in whom neoplastic cells were less than 1 mm from the serosal surface,
accompanied by a peritoneal reaction (hemorrhage, inflammation, neovascularization, fibrin), had
significantly lower survival rates compared to those with more than 1 mm distance and without
peritoneal response (70 vs. 118 months, p < 0.001). Hence, such cases should be considered within the
pT4a stage.
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1. Introduction

With an annual incidence exceeding one million cases and over half a million asso-
ciated deaths, colorectal cancer poses a significant global health threat [1]. Its prevalence
varies globally, ranking as the fourth most common cancer worldwide. In the United
States, it stands as the second leading cause of cancer-related deaths, with an estimated
49,960 deaths occurring in 2020 [2].

In Mexico, colorectal cancer has emerged as the second most prevalent digestive tract
cancer, following gastric carcinoma, with a noticeable uptick having occurred since the late
1970s. Out of 102,657 recorded malignant tumors in Mexico, 2433 were located in the colon,
predominantly of the adenocarcinoma type [3].

A substantial portion of colon cancer cases present with pT4 tumors, denoting the
highest level of local invasion and an elevated risk of peritoneal metastases. The pTNM
staging system, encompassing pathologic tumor, nodal, and the metastasis status, plays a
pivotal role in cancer reporting by pathologists [4–6]. Within the pT4 stage, two subcate-
gories exist—pT4a and pT4b—that signify distinct degrees of invasion. Varied treatment
approaches, such as adjuvant hyperthermic intraperitoneal chemotherapy (HIPEC) and
revision laparoscopy, are currently under investigation in regard to pT4 colon cancer pa-
tients. Additionally, contemporary clinical guidelines advocate for adjuvant chemotherapy
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in stage II colon cancer patients exhibiting a pT4 presence. Recent studies also leverage pT4
status to determine the duration of adjuvant chemotherapy in stage III colon cancer [7].

The recognition of a pT4 status is increasingly crucial for effective patient management.
Notably, a tumor need not necessarily breach the serous surface to qualify as pT4a. Tumors
in close proximity to the serosa, or those inducing a peritoneal reaction, are observed to
exhibit behavior akin to those penetrating the serosa [8–11].

Improving survival rates in colon carcinoma necessitates identifying patients who
benefit from adjuvant treatments and intensive management. Achieving this requires a
comprehensive evaluation of prognostic and predictive factors. Pathologists encounter
challenges with the pT4 category, particularly in discerning pT4a specimens, as the TNM
definition mandates complete penetration of tumor cells through the peritoneum [12].
National histopathology reporting guidelines may offer more lenient criteria. To prevent
underdiagnosis, specific features are considered indicative of pT4a. Furthermore, the
precise microscopic detection of pT4 relies on meticulous specimen evaluation and sampling
during resection [13–16].

Given the growing clinical importance of pT4a, establishing a clear criterion for di-
agnosing and defining it is crucial. Presently, there exists a gap in understanding how
far neoplastic cells must be from the serosa to qualify, which would aid in distinguishing
between pT4a and pT3 stages [17–19]. Our objective was to identify an objective measure-
ment in millimeters to differentiate between the pT3 and pT4a stages of colon cancer and
assess the association with survival rates.

2. Methods

All pathology reports related to pT3 and pT4 (pN0-2, cM0) colon cancers from the
years 2010 to 2015 were obtained. According to the original reports, tumors were classified
into pT3 (colon cancers infiltrating the muscularis propria towards the pericolic fat), pT4a
(those penetrating the serosa), and pT4b (invading adjacent tissues or organs) in accordance
with the eighth edition of the Tumor Node Metastasis system (TNM 8) [7].

Clinical information was extracted from clinical records and histopathology reports.
Among all specimens, only those categorized as pT3 and pT4a were selected. For pT3
specimens, the distance to the serosa in millimeters was determined. Two pathologists
specializing in gastrointestinal pathology identified the histological section where neoplas-
tic cells were closest to the peritoneal surface. The measurement was performed using a
thin, adhesive ruler calibrated for histological preparations. This ruler, almost as thin as
adhesive tape, was visible under any microscope, and its accuracy was confirmed through
calibration and verification in a physics laboratory; additionally, the ruler featured divisions
every 0.05 mm. The distance assessment involved four independent observers with varying
levels of experience, resulting in an excellent intraclass correlation of 0.92.

After establishing the distance, a specific threshold between the tumor and the serosa
was sought using the ROC curve to determine its correlation with survival rates. Following
the determination of these critical points, patients were categorized as pT3 if the threshold
showed no significant association with the outcomes of interest. Conversely, patients were
labeled as pT4 if they exhibited a distance smaller than that encountered in the ROC curve.
Additionally, patients with disruption of the mesothelial surface were noted, including:
(1) mesothelial inflammatory and hyperplastic responses with a tumor near, but not on, the
serosal surface; (2) tumor on the serosal surface with inflammatory reaction or mesothelial
hyperplasia (Figure 1); (3) tumor cells that penetrate the serosal surface.

These findings were then analyzed using the Kaplan–Meier method before also being
compared with confirmed pT4a patients (specimens with undoubted ruptures or in contact
with the serosa). Normality (Kolmogorov) tests were conducted to determine the parametric
nature of numerical variables. Parametric variables were presented as mean and standard
deviation, while non-parametric variables were summarized as median and interquartile
range. Between-group comparisons for categorical variables were assessed using chi-square
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tests, while a Student’s t-test was applied for normally distributed numerical data and a
Mann–Whitney’s U-test was utilized for non-parametric numerical data.
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Figure 1. A peritoneal reaction consists of fibrosis, hemorrhage, and vascular changes (neovascular-
ization, dilated vessels) and inflammation.

3. Results

From a database of 667 consecutive patients who underwent colectomy at our institu-
tion between 2010 and 2015, 384 (57.6%) were identified with pathological stages pT3 and
pT4a. These patients were reclassified according to the 8th edition of the TNM classification,
with a mean age of 57.48 (range 19–89 years) and a similar male-to-female ratio (51.8%
women and 48.2% men). Most patients were in clinical stages II and III (75%), and 320
(83.3%) were still alive at an average follow-up of 43 months. Among the 384 patients,
262 (68.2%) were classified as pathological stage pT3, while 122 (31.8%) were classified
as pT4. The clinical and pathological characteristics of the 384 patients according to the
pathological stage are summarized in Table 1.

The pT3 group had 52.7% women, a median age of 56 years (range 48–68), and a tumor
diameter of 60 mm (range 40–80). In contrast, the pT4 group had an equal male-to-female
ratio (50%), a median age of 61 years (range 49–68), and a tumor diameter of 68 mm (range
40–80).

The degree of differentiation, clinical stage, and nodal status were higher in the pT4
group (p < 0.001), as were the frequency of lymphatic invasion (32.6% vs. 59.8%, p = 0.001),
venous (12.6% vs. 36.1%, p = 0.001), and perineural (33.3% vs. 42.6%, p = 0.001). Regarding
surgical margins, 99.2% of the pT3 group were completely resected (R0) compared to 95.1%
in the pT4 group (p < 0.001).

Survival analysis was performed for each group, revealing a median 5-year survival of
87.2% for the pT3 group, with a mean of 125.4 months, while, for stage pT4a, it was 79.1%,
with a mean of 110.4 months (p < 0.001).

The 262 patients in the pT3 stage were dichotomized, based on the results of the ROC
curve, into those with a distance of less than 1 mm plus a peritoneal reaction (referred
to as the risk group) and those with a distance greater than or equal to 1 mm without
a peritoneal reaction (referred to as the group without risk) (Figure 2). Patients with a
distance between the invading front of the tumor and the serosal surface greater than or
equal to 1 mm without a peritoneal reaction had a median survival of 118 months, while
those with less than 1 mm plus a peritoneal reaction had 70 months (Figure 3), indicating
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inferior survival in comparison to pT4a cases. Table 2 summarizes the clinicopathological
characteristics concerning the risk group, where no statistically significant association was
observed with age, tumor diameter, histological grade, clinical stage, and lymph vascular
or perineural invasion, while only the distance less than 1 mm with a peritoneal reaction
was significantly correlated with mortality (p < 0.001).

Table 1. Clinicopathological characteristics of 384 patients with colon cancer according to category T.

Variable pT3
n = 262

pT4a
n = 122 p-Value *

Sex, n (%)
Female 138 (52.7) 61 (50)

0.626Male 124 (47.3) 61 (50)

Age (years)–Median (IQR) 56 (48–68) 61 (49–68) 0.387

Location—n (%)
Right 185 (70.6) 85 (69.7)

0.851Left 77 (29.4) 37 (30.3)

Tumoral diameter (mm), Median (IQR) 60 (40–80) 68 (40–80) 0.524

Resected lymph nodes, Median (IQR) 24 (18–33) 23 (16–32) 0.281

Metastatic lymph nodes, Median (IQR) 0 (0–3) 1 (0–5) 0.005

Histologic grade, n (%)
1 52 (19.8) 10 (8.2)

<0.0012 140 (53.4%) 50 (41)
3 70 (26.7) 62 (50.8)

Lymph node status, n (%)
pN0 135 (51.5) 39 (32)

<0.001pN1 58 (22.1) 46 (37.7)
pN2 69 (26.3) 37 (30.3)

Clinical stage, n (%)
Stage II 120 (45.8) 30 (24.6)

<0.001Stage III 91 (34.7) 47 (38.5)
Stage IV 51 (19.5) 45 (36.9)

Lymphovascular invasion, n (%)
No 176 (67.4) 49 (40.2)

<0.001Yes 85 (32.6) 73 (59.8)

Venous invasion, n (%)
No 229 (87.4) 78 (63.9)

<0.001Yes 33 (12.6) 44 (36.1)

Perineural invasion, n (%)
No 217 (82.8) 70 (57.4)
Yes 45 (17.2) 52 (42.6) <0.001

Márgenes quirúrgicos, n (%)
Negative 260 (99.2) 116 (95.1)

0.008Positive 2 (0.8) 6 (4.9)

Outcome, n (%)
Alive 222 (84.7) 98 (80.3)

0.281Dead 40 (15.3) 24 (19.7)
* Chi square test for categorical variables, t-Student test for numerical variables, IQR = interquartile range.
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Table 2. Clinicopathological characteristics of 262 patients of colon cancer according to the risk of
death (<1 mm + peritoneal reaction).

Variable Non-Risk
n = 207

Risk
n = 55 p-Value *

Sex, n (%)
Female 105 (51) 27 (49)
Male 102 (49) 28 (51) 0.829

Age (years)–Median (IQR) 55 (47–66) 56 (50–62) 0.676

Location—n (%)
Right 112 (54) 27 (49)
Left 95 (46) 28 (51) 0.507

Tumoral diameter (mm), Median (IQR) 56 (40–81) 63 (40–78) 0.879

Resected lymph nodes, Median (IQR) 28 (21–34) 26 (18–39) 0.887

Metastatic lymph nodes, Median (IQR) 1 (0–3) 1 (0–5) 0.384

Histologic grade, n (%)
1 82 (39.6) 17 (31)
2 100 (48.3) 30 (54.5)
3 25 (12.1) 8 (14.5) 0.491

Lymph node status, n (%)
pN0 105 (51) 12 (21.8)
pN1 51 (24.5) 26 (47.3)
pN2 51 (24.5) 17 (30.9) <0.001

Lymphovascular invasion, n (%)
No 145 (70) 35 (63.6)
Yes 62 (30) 20 (36.4) 0.362

Perineural invasion, n (%)
No 189 (91.3) 50 (90.1)
Yes 18 (8.7) 5 (9.9) 0.926

Surgical margins, n (%)
Negative 175 (84.5) 48 (87.3)
Positive 32 (15.5) 7 (12.7) 0.612

Outcome, n (%)
Alive 188 (90.8) 30 (54.5)
Dead 19 (9.2) 25 (45.5) <0.001

* Chi square test for categorical variables, t-Student test for numerical variables, IQR = interquartile range.

4. Discussion

Our study, conducted on 384 patients diagnosed with colon adenocarcinoma initially
classified as pT3, demonstrated that patients with neoplastic cells located less than 1 mm
from the serosal surface, accompanied by a peritoneal reaction (hemorrhage, inflammation,
neovascularization, fibrin), had significantly lower survival rates compared to those with a
distance greater than 1 mm and without a peritoneal reaction (70 vs. 118 months, p ≤ 0.001).

Surgery is the central aspect of colon cancer treatment, and, post-resection, various
factors affecting staging need evaluation by pathologists. Despite ongoing updates to
parameters, there remains considerable variability and subjectivity in classifying and
distinguishing between pathological stages pT3 and pT4a. Clear and objective criteria
for defining these stages are lacking, and existing recommendations are subjective and
non-measurable or reproducible [11–14].

Our study reflected differential clinical and biological behavior between pathological
stages pT3 and pT4a, indicating a higher 5-year survival rate for the pT3 group (81.4%).
The pT4a group exhibited a higher clinical stage, degree of differentiation, nodal status,
and increased frequency of lymph vascular and perineural invasion. Numerous studies
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consider the pT4 category to be a significant risk factor for peritoneal metastases, with it
being associated with a poorer prognosis [20–22].

To enhance concordance in identifying and histologically distinguishing between the
pT3 and pT4a stages, millimeter cut-off points have been previously established for the
distance between the tumor and the serosa, along with specific histological characteristics,
yielding varying results. Our study identified that patients with a space between the invad-
ing tumor front and the serosa of <1 mm, associated with peritoneal reactions, presented
a lower survival rate. Similar findings were reported in a study [21] that indicated lower
survival rates for patients with tumors < 1 mm from the serosal surface (separated by
reactive fibrosis or inflammation) or with tumor cells on the serosal surface compared to
those > 1 mm from the serous surface. Other studies support the association of tumors lo-
cated at <1 mm with fibroinflammatory tissue reaction in the serosa with greater peritoneal
recurrence and a high risk of peritoneal metastasis at five years [14,23].

Recent investigations, such as one study [24] that analyzed the distance from the
tumor to the peritoneal surface in 189 patients, found higher rates of peritoneal metas-
tases in tumors with shorter distances to the peritoneal surface. Serosal penetration by
adenocarcinoma emerges as a crucial predictor of disease recurrence and prognosis. For
instance, a study evaluating 579 colorectal cancer resection specimens with regional lymph
node metastases found that only 16% of patients with serosal penetration survived after
five years [25]. Another group studying 467 colon cancer patients with node-negative
disease found that serosal tumor spread was independently associated with reduced 5-year
survival [26].

Adenocarcinoma in the intestinal wall induces inflammatory changes in the peri-
toneum, alerting to the possibility of serosal penetration. Peritumoral abscesses communi-
cating with the serosa represent an underrecognized manifestation of serosal penetration.
The peritoneal changes may indicate tissue repair or the desmoplastic/inflammatory re-
sponse to tumor invasion. Our data support the notion that tumors with viable cells at less
than 1 mm, and with a peritoneal reaction, exhibit more aggressive behavior.

Efforts to detect serosal spread have included various techniques beyond conventional
hematoxylin and eosin evaluation. For example, elastin staining has been used to identify
tumors that can destroy the subserous elastic lamina, correlating with higher postoperative
recurrence rates and lower 5-year survival rates [27]. Immunohistochemical stains, however,
have shown limited utility in detecting serous spreading of colon cancer [28,29].

The study’s limitations include sample size and challenges in assessing the complete
tumor lesion, potentially leading to underestimation. Subjectivity and variability in mea-
suring and interpreting peritoneal reactions were addressed through intraclass correlation
between participating pathologists, indicating excellent agreement.

5. Conclusions

In conclusion, our study suggests that peritoneal reactions and the distance between
the invading tumor front and the serosa are crucial pathological characteristics that have
prognostic significance in patients with colon cancer in pathological stages pT3 and pT4a.
Patients with pT3 colon adenocarcinomas where neoplastic cells were less than 1 mm from
the serosal surface, accompanied by a peritoneal reaction, had significantly lower survival
rates than those with a distance greater than 1 mm and without a peritoneal reaction.

Author Contributions: Conceptualization, L.S.L.-S. and C.B.-S.; methodology, L.S.L.-S. and C.B.-S.;
software, L.S.L.-S. and C.B.-S.; validation, L.S.L.-S. and C.B.-S.; formal analysis, L.S.L.-S.; investigation,
All authors; resources, L.S.L.-S.; data curation, L.S.L.-S.; writing—original draft preparation, All
authors; writing—review and editing, All authors; visualization, all authors.; supervision, L.S.L.-S.;
project administration, L.S.L.-S.; funding acquisition, L.S.L.-S. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding. The APC was paid by the authors.



Gastroenterol. Insights 2024, 15 373

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board and Ethics Committee of Instituto
Nacional de Cancerología (INCan) (protocol code 2022/117 and approved on 22 September 2022).

Informed Consent Statement: Patient consent was waived due to their retrospective nature and
because the clinical data of the patients and their identification data were blinded. The subjects
of study in our work are not patients, but rather tissues with associated clinical and pathological
information. The anonymity of their data is ensured, and the patients were not interviewed nor
subjected to any intervention.

Data Availability Statement: The data from our research is accessible to anyone upon reasonable
request through the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Gastroenterology Organization/International Digestive Cancer Alliance Practice Guidelines: Colorectal Cancer Screening.

2007. Available online: http://www.worldgastroenterology.org/assets/downloads/es/pdf/guidelines/cancer_colorectal_
tamizaje_screening_y_vigilancia (accessed on 8 May 2023).

2. Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J Clin. 2023, 73, 17–48. [CrossRef] [PubMed]
3. Amersi, F.; Agustin, M.; Ko, C.Y. Colorectal cancer: Epidemiology, risk factors, and health services. Clin. Colon Rectal Surg. 2005,

18, 133–140. [CrossRef] [PubMed]
4. Klaver, C.E.L.; Gietelink, L.; Bemelman, W.A.; Wouters, M.; Tollenaar, R.A.E.M.; Tanis, P.J. Locally advanced colon cancer; current

clinical practice and treatment outcome in the Netherlands. Color. Dis. 2015, 17, 23.
5. van Gestel, Y.; Thomassen, I.; Lemmens, V.; Pruijt, J.; van Herk-Sukel, M.; Rutten, H.; Creemers, G.; de Hingh, I. Metachronous

peritoneal carcinomatosis after curative treatment of colorectal cancer. Eur. J. Surg. Oncol. 2014, 40, 963–969. [CrossRef] [PubMed]
6. Segelman, J.; Granath, F.; Holm, T.; Machado, M.; Mahteme, H.; Martling, A. Incidence, prevalence and risk factors for peritoneal

carcinomatosis from colorectal cancer. Br. J. Surg. 2012, 99, 699–705. [CrossRef] [PubMed]
7. Brierly, J.; Gospodarowicz, M.; Wittekind, C. The TNM Classification of Malignant Tumors; Wiley Blackwell: Oxford, UK, 2017.
8. Foxtrot Collaborative Group. Feasibility of preoperative chemotherapy for locally advanced, operable colon cancer: The pilot

phase of a randomized controlled trial. Lancet Oncol. 2012, 13, 1152–1160. [CrossRef] [PubMed]
9. Arjona-Sánchez, A.; Barrios, P.; Boldo-Roda, E.; Camps, B.; Carrasco-Campos, J.; Concepción Martín, V.; García-Fadrique, A.;

Gutiérrez-Calvo, A.; Morales, R.; Ortega-Pérez, G.; et al. HIPECT4: Multicentre, randomized clinical trial to evaluate safety and
efficacy of Hyperthermic intra-peritoneal chemotherapy (HIPEC) with mitomycin C used during surgery for treatment of locally
advanced colorectal carcinoma. BMC Cancer 2018, 18, 183. [CrossRef] [PubMed]

10. Klaver, C.E.L.; Musters, G.D.; A Bemelman, W.; A Punt, C.J.; Verwaal, V.J.; Dijkgraaf, M.G.; Aalbers, A.G.; van der Bilt, J.D.;
Boerma, D.; Bremers, A.J.; et al. Adjuvant hyperthermic intraperitoneal chemotherapy (HIPEC) in patients with colon cancer
at high risk of peritoneal carcinomatosis; the COLOPEC randomized multicentre trial. BMC Cancer 2015, 15, 428. [CrossRef]
[PubMed]

11. Benson, A.B.; Venook, A.P.; Al-Hawary, M.M.; Cederquist, L.; Chen, Y.-J.; Ciombor, K.K.; Cohen, S.; Cooper, H.S.; Deming, D.;
Engstrom, P.F.; et al. NCCN guidelines insights: Colon cancer, version 2.2018. J. Natl. Compr. Cancer Netw. 2018, 16, 359–369.
[CrossRef]

12. Grothey, A.; Sobrero, A.F.; Shields, A.F.; Yoshino, T.; Paul, J.; Taieb, J.; Souglakos, J.; Shi, Q.; Kerr, R.; Labianca, R.; et al. Duration
of adjuvant chemotherapy for stage III colon cancer. N. Engl. J. Med. 2018, 378, 1177–1188. [CrossRef]

13. Compton, C.C. Key issues in reporting common cancer specimens: Problems in pathologic staging of colon cancer. Arch. Pathol.
Lab. Med. 2006, 130, 318–324. [CrossRef] [PubMed]

14. Panarelli, N.C.; Schreiner, A.M.; Brandt, S.M.; Shepherd, N.A.; Yantiss, R.K. Histologic features and cytologic techniques that aid
pathologic stage assessment of colonic adenocarcinoma. Am. J. Surg. Pathol. 2013, 37, 1252–1258. [CrossRef] [PubMed]

15. Frankel, W.L.; Jin, M. Serosal surfaces, mucin pools, and deposits, oh my: Challenges in staging colorectal carcinoma. Mod. Pathol.
2015, 28 (Suppl. 1), S95–S108. [CrossRef] [PubMed]

16. Washington, M.K.; Berlin, J.; Branton, P.; Burgart, L.J.; Carter, D.K.; Fitzgibbons, P.L.; Halling, K.; Frankel, W.; Jessup, J.; Kakar, S.;
et al. Protocol for the examination of specimens from patients with primary carcinoma of the colon and rectum. Arch Pathol. Lab
Med. 2009, 133, 1539–1551. [CrossRef] [PubMed]

17. Loughrey, M.; Quirke, P.; Shepherd, N.A. Standards and Datasets for Reporting Cancers Dataset for Histopathological Reporting of
Colorectal Cancer. 2017. Available online: https://www.rcpath.org/static/c8b61ba0-ae3f-43f1-85ffd3ab9f17cfe6/G049-Dataset-
for-histopathological-reporting-of-colorectal-cancer.pdf (accessed on 8 May 2023).

18. Shepherd, N.; Baxter, K.; Love, S. The prognostic importance of peritoneal involvement in colonic cancer: A prospective evaluation.
Gastroenterology 1997, 112, 1096–1102. [CrossRef] [PubMed]

19. Zeng, Z.; Cohen, A.M.; Hajdu, S.; Sternberg, S.S.; Sigurdson, E.R.; Enker, W. Serosal cytologic study to determine free mesothelial
penetration of intraperitoneal colon cancer. Cancer 1992, 70, 737–740. [CrossRef] [PubMed]

http://www.worldgastroenterology.org/assets/downloads/es/pdf/guidelines/cancer_colorectal_tamizaje_screening_y_vigilancia
http://www.worldgastroenterology.org/assets/downloads/es/pdf/guidelines/cancer_colorectal_tamizaje_screening_y_vigilancia
https://doi.org/10.3322/caac.21763
https://www.ncbi.nlm.nih.gov/pubmed/36633525
https://doi.org/10.1055/s-2005-916274
https://www.ncbi.nlm.nih.gov/pubmed/20011296
https://doi.org/10.1016/j.ejso.2013.10.001
https://www.ncbi.nlm.nih.gov/pubmed/24183168
https://doi.org/10.1002/bjs.8679
https://www.ncbi.nlm.nih.gov/pubmed/22287157
https://doi.org/10.1016/S1470-2045(12)70348-0
https://www.ncbi.nlm.nih.gov/pubmed/23017669
https://doi.org/10.1186/s12885-018-4096-0
https://www.ncbi.nlm.nih.gov/pubmed/29439668
https://doi.org/10.1186/s12885-015-1430-7
https://www.ncbi.nlm.nih.gov/pubmed/26003804
https://doi.org/10.6004/jnccn.2018.0021
https://doi.org/10.1056/NEJMoa1713709
https://doi.org/10.5858/2006-130-318-KIIRCC
https://www.ncbi.nlm.nih.gov/pubmed/16519558
https://doi.org/10.1097/PAS.0b013e3182960e7c
https://www.ncbi.nlm.nih.gov/pubmed/23774176
https://doi.org/10.1038/modpathol.2014.128
https://www.ncbi.nlm.nih.gov/pubmed/25560604
https://doi.org/10.5858/133.10.1539
https://www.ncbi.nlm.nih.gov/pubmed/19792043
https://www.rcpath.org/static/c8b61ba0-ae3f-43f1-85ffd3ab9f17cfe6/G049-Dataset-for-histopathological-reporting-of-colorectal-cancer.pdf
https://www.rcpath.org/static/c8b61ba0-ae3f-43f1-85ffd3ab9f17cfe6/G049-Dataset-for-histopathological-reporting-of-colorectal-cancer.pdf
https://doi.org/10.1016/S0016-5085(97)70119-7
https://www.ncbi.nlm.nih.gov/pubmed/9097991
https://doi.org/10.1002/1097-0142(19920815)70:4%3C737::AID-CNCR2820700404%3E3.0.CO;2-S
https://www.ncbi.nlm.nih.gov/pubmed/1643606


Gastroenterol. Insights 2024, 15 374

20. Klaver, C.E.L.; Bulkmans, N.; Drillenburg, P.; Grabsch, H.I.; van Grieken, N.C.T.; Karrenbeld, A.; Koens, L.; van Lijnschoten,
I.; Meijer, J.; Nagtegaal, I.D.; et al. Interobserver, intraobserver, and interlaboratory variability in reporting pT4a colon cancer.
Virchows Arch. Int. J. Pathol. 2020, 476, 219–230. [CrossRef] [PubMed]

21. Pantaleon Vasquez, R.; Arslan, M.E.; Lee, H.; King, T.S.; Dhall, D.; Karamchandani, D.M. T3 versus T4a staging challenges in
deeply invasive colonic adenocarcinomas and correlation with clinical outcomes. Mod. Pathol. 2021, 34, 131–140. [CrossRef]
[PubMed]

22. Pollheimer, M.J.; Kornprat, P.; Pollheimer, V.S.; Lindtner, R.A.; Schlemmer, A.; Rehak, P.; Langner, C. Clinical significance of pT
sub-classification in surgical pathology of colorectal cancer. Int. J. Color. Dis. 2010, 25, 187–196. [CrossRef] [PubMed]

23. Klaver, C.E.L.; van Huijgevoort, N.C.M.; de Buck van Overstraeten, A.; Wolthuis, A.M.; Tanis, P.J.; van der Bilt, J.D.W.; Sagaert, X.;
D’hoore, A. Locally Advanced Colorectal Cancer: True Peritoneal Tumor Penetration is Associated with Peritoneal Metastases.
Ann. Surg. Oncol. 2018, 25, 212–220. [CrossRef]

24. Zwanenburg, E.S.; Wisselink, D.D.; Klaver, C.E.; van der Bilt, J.D.; Tanis, P.J.; Snaebjornsson, P.; Andeweg, C.S.; Bastiaenen, V.P.;
Bemelman, W.A.; Bloemen, J.; et al. The measured distance between tumor cells and the peritoneal surface predicts the risk of
peritoneal metastases and offers an objective means to differentiate between pT3 and pT4a colon cancer. Mod. Pathol. 2022, 35,
1991–2001. [CrossRef] [PubMed]

25. Newland, R.C.; Dent, O.F.; Lyttle, M.N.B.; Chapuis, P.H.; Bokey, E.L. Pathologic determinants of survival associated with colorectal
cancer with lymph node metastases. A multivariate analysis of 579 patients. Cancer 1994, 73, 2076–2082. [CrossRef] [PubMed]

26. Newland, R.C.; Dent, O.F.; Chapuis, P.H.; Bokey, L. Survival after curative resection of lymph node negative colorectal carcinoma.
A prospective study of 910 patients. Cancer 1995, 76, 564–571. [CrossRef] [PubMed]

27. Shinto, E.; Ueno, H.; Hashiguchi, Y.; Hase, K.; Tsuda, H.; Matsubara, O.; Mochizuki, H. The subserosal elastic lamina: An anatomic
landmark for stratifying pT3 colorectal cancer. Dis. Colon Rectum 2004, 47, 467–473. [CrossRef] [PubMed]

28. Kojima, M.; Nakajima, K.; Ishii, G.; Saito, N.; Ochiai, A. Peritoneal elastic laminal invasion of colorectal cancer: The diagnostic
utility and clinicopathologic relationship. Am. J. Surg. Pathol. 2010, 34, 1351–1360. [CrossRef] [PubMed]

29. Ambrose, N.S.; MacDonald, F.; Young, J.; Thompson, H.; Keighley, M.R. Monoclonal antibody and cytological detection of free
malignant cells in the peritoneal cavity during resection of colorectal cancer-can monoclonal antibodies do better? Eur. J. Surg.
Oncol. 1989, 15, 99–102. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00428-019-02663-0
https://www.ncbi.nlm.nih.gov/pubmed/31616981
https://doi.org/10.1038/s41379-020-0622-0
https://www.ncbi.nlm.nih.gov/pubmed/32669613
https://doi.org/10.1007/s00384-009-0801-4
https://www.ncbi.nlm.nih.gov/pubmed/19816699
https://doi.org/10.1245/s10434-017-6037-6
https://doi.org/10.1038/s41379-022-01154-z
https://www.ncbi.nlm.nih.gov/pubmed/36123540
https://doi.org/10.1002/1097-0142(19940415)73:8%3C2076::AID-CNCR2820730811%3E3.0.CO;2-6
https://www.ncbi.nlm.nih.gov/pubmed/8156513
https://doi.org/10.1002/1097-0142(19950815)76:4%3C564::AID-CNCR2820760405%3E3.0.CO;2-Z
https://www.ncbi.nlm.nih.gov/pubmed/8625148
https://doi.org/10.1007/s10350-003-0083-9
https://www.ncbi.nlm.nih.gov/pubmed/14994112
https://doi.org/10.1097/PAS.0b013e3181ecfe98
https://www.ncbi.nlm.nih.gov/pubmed/20716999
https://www.ncbi.nlm.nih.gov/pubmed/2649397

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

