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Abstract

Colorectal cancer is one of the most common malignant neoplasms worldwide. Overall mortality
is 33%. Synchronous colorectal cancer refers to more than one malignant tumor detected in
different segments of the colon, simultaneously or within 6 months of initial diagnosis. The
development of colorectal cancer is a multistep process that originates with a genetic mutation
leading to a malignant phenotype and generating a growth advantage. Colorectal cancer
presents up to 16% of hypermutations, of which 75% are characterized by microsatellite in-
stability which in turn leads to poorer cell differentiation. Patients with synchronous tumors
appear to have a higher proportion of microsatellite instability than patients with single tumors.
The clinical case of a 35-year-old man with a perforated left colon tumor and a locally advanced
synchronous tumor of the right colon and signs of acute abdomen is presented. The treatment
should be based on the location of the synchronous tumors, stage at the time of approach, and
the patient’s condition. However, when faced with a complication secondary to colonic cancer,
adhering to the principles of oncological surgery can be overcome by the nature of the
emergency.
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Introduction

Colorectal cancer is one of the main malignant neoplasms worldwide; it ranks second in
men and third in women likewise and is the third and fourth leading cause of cancer death,
respectively. The estimated mortality per year is close to 33% [1]. The global incidence is
estimated to be close to 4.3% [1]. From the embryological point of view, colonic cancer is
subdivided into proximal or right when it originates from proximal areas to the splenic flexure
(cecum, ascending and transverse colon), while the distal or left refers to the descending and
sigmoid colon. It is considered rectal tumor when it is developed 15 cm proximal to the anal
sphincter, it has a great capacity as spreading to the liver tissue [1].

The progress in the molecular pathogenesis of colorectal cancer has allowed the defi-
nition of two pathways of cellular/molecular development of colorectal cancer, starting from
two different precursor lesions: adenoma-carcinoma pathway and the serrated pathway,
characterized by different genetic lesions [1]. Most of the colonic malignant tumors histo-
logically are adenocarcinoma; these neoplasms are divided into high-grade and low-grade
tumors. Some rare histological types are mucinous adenocarcinoma, adenosquamous car-
cinoma, signet ring adenocarcinoma cells, and medullary carcinoma. The relation between the
histological grade and the long-term survival forecast is not clear [1].

The model of the progressive stepwise accumulation of genetic and epigenetic events
required first for the development of adenoma and then of adenocarcinoma was instrumental
for the identification of driver somatic mutations occurring at the level of some tumor
suppressor genes (APC, TP53, SMAD4) and oncogenes (KRAS and PI3KCA). The nonrandom
accumulation of these genetic alterations leads to deregulation of cell proliferation, survival/
apoptosis, and differentiation [1].

A classic, conventional pathway is initiated by APC mutations and progresses through the
sequential accumulation of genetic mutations and chromosomal instability, causing micro-
satellite stable (MSS) tumors. The germline mutation pathway is related to germline mutation
of mismatch repair (MMR) genes, seen in Lynch syndrome (hereditary nonpolyposis coli), and
leads to microsatellite instability (MSI-H). The sessile-serrated-methylation pathway is
heterogeneous: a traditional serrated pathway, related to KRAS/BRAF mutations, leading to
MSS tumors, with a variable CpG island methylator phenotype [1].

MSI-H is characterized by mutation of the MMR genes such as MLH1, MSH2, MSH6, and
PMS2, which are found in 2-5% of all colorectal cancers and occur in Lynch syndrome,
characterized by high penetrance and early cancer development with an increased risk of
extraintestinal cancers [1]. Multiple primary malignant tumors (MPMT) are defined as two
or more different malignant tumors that arise in the same patient. According to the Warren
and Gates criteria, proposed in 1931, several conditions are required to qualify as MPMT,
among which are: (1) the diagnosed tumors must be malignant in nature; (2) histologically
distinct; and (3) has to be excluded that one is a metastasis of the other [2-4]. MPMT can be
classified according to the temporality of appearance as synchronous if they are detected
simultaneously or up to 6 months after the diagnosis of the first primary tumor, or
metachronous if they are detected after 6 months in fact from the diagnosis of the first
tumor [4].

Synchronous colorectal cancer refers to more than one malignant tumor detected in
different segments of the colon, simultaneously or within 6 months of initial diagnosis. The
reported incidence of these tumors ranges from 2.3% to 12.4% [5, 6]. By diagnosing the
presence of synchronous colorectal cancer, it is possible to avoid the development of
advanced-stage metachronous colorectal cancer that requires re-surgical interventions [6].

One-third of the patients with colonic cancer will present to the emergency room with a
complicated tumor; this is a high mortality situation that also implies a worse long-term
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prognosis. These represent 60-85% of the patients undergoing emergency surgery because of
colonic disease [7].

Perforation is a much less common complication, it affects between 2% and 12% of the
patients with colonic cancer. It is the second leading cause of peritonitis due to colonic disease
after acute perforated diverticulitis and represents 38% of cases [7]. Although perforation can
occur diastatically (proximal to the tumor) as a complication of its occlusion; the most
frequent form of perforation is in the tumor itself, due to necrosis of the neoplastic tissue;
representing 65% of the cases. Having a preoperative diagnosis is in turn essential to de-
termine treatment options and plan the type of surgical resection [6, 8].

Objective
The clinical case of a patient with perforated left colon cancer (splenic flexure) with
synchronous locally advanced right colonic tumor (para-aortic chain invasion) is presented.

Case Report

A 35-year-old male with no significant chronic degenerative history; surgical history of
autograft in the left upper limb, left lateral region of the neck, and left lateral aspect of the
thorax secondary to a third-degree burn. Radius and ulna fracture treated with a splint
without sequelae. There is a family history of hypertension, type 2 diabetes mellitus, and
unspecified gastric carcinoma; all of them in maternal branch.

Current Condition

Starts in October 2019 with intermittent crampy abdominal pain predominantly in the
hypogastrium, which progressed to diffuse abdominal pain, associated with weight loss of
approximately 10.5 kg in 3 months (80 kg-69.5 kg), and in addition to stools decreased in
consistency and mane. Study protocol (external hospital) begins in May 2020 with an ab-
dominal ultrasound which reports multiple heterogeneous liver lesions and splenomegaly,
carcinoembryonic antigen of 197.31 ng/mL (nanograms per milliliter), and CA 19-9 antigen
of 10,386 ng/mL; the computerized axial tomography of the abdomen revealed metastatic
lesions in the liver, thickening of the hepatic angle of the colon, as well as a tumor of the
descending colon scheduled for outpatient colonoscopy; however, he went to the General
Hospital of Mexico on June 13, 2020, with several abdominal pain (10/10 according to the
visual-analog scale) and unquantified fever. Upon admission with unstable vital signs, a
tendency to hypotension, tachycardia, and respiratory distress, cardiopulmonary without
apparent compromise, abdominal distension, generalized pain, with involuntary muscular
resistance and positive rebound in all quadrants; bowel sounds of metallic hue.

Laboratory studies upon admission: leukocytes 15.10 x 10e3/uL, neutrophils 14.6 x
10e3/pL, hemoglobin 6.7 g/dL, platelets 623.00 x 10e3/uL, glucose 108 mg/dL, urea 95.3
mg/dL, creatinine 2.26 mg/dL, uric acid 11.3 mg/dL, total cholesterol 67 mg/dL, triglycerides
135 mg/dL, direct bilirubin 1.27 mg/dL, indirect bilirubin 0.58 mg/dL, aspartate amino-
transferase 1442 U/L, alanine aminotransferase 714 U/L, albumin 2.49 g/dL, total proteins
5 g/dL, lactic dehydrogenase 1592 U/L, sodium 123 mEq/L, chlorine 84 mEq/L, potassium
5.7 mEq/L, calcium 7.83 mg/dL, magnesium 2.8 mg/dL, phosphorus 7.2 mg/dL, prothrombin
20.6 s, INR 1.9. activated partial thromboplastin 40.9 s, fibrinogen 628 mg/dL, procalcitonin
43.5 ng/dL, pH 7.3, pC02 22.8 mm Hg, p02 17.9 mm Hg, HCO3 11.1 mmol/L, BE 15.2 mmol/L,
lactate 15.92 mmol/L.

Imaging studies: abdominal X-ray in two positions shows dilation of intestinal loops of up
to 12 cm, inter-loop edema, chest radiograph with the presence of subdiaphragmatic free air
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(shown in Fig. 1a-b). Because of the clinical picture of an acute abdomen and perforation of
the hollow viscus, an emergency exploratory laparotomy was decided on June 13, 2020, with
the following findings: 5 x 3cm perforation in a tumor of the left colon (splenic angle); tumor
measuring approximately 12 x 10 x 8cm in the proximal third of the ascending colon locally
advanced to the para-aortic ganglionic chain with evidence of necrosis, free intestinal fluid in
the cavity approximately 600 mL (shown in Fig. 2a-b), multiple firms and lax loop-loop
adhesions, multiple liver metastases, and abscesses. Radical total colectomy was performed
with resection at the level of the R2 ileocolic artery and formation of a Brooke-type terminal
ileostomy (shown in Fig. 3a—c). The duration of the surgical procedure was 1 h 16 min, with an
anesthetic time of 2 h and total bleeding estimated at 500 mL. The patient was transferred to
the intensive care unit due to hemodynamic instability after the surgical event, where he
remained under management for septic shock and multiple organ failure. He presented
adequate ileostomy functioning after 12 h after surgery. After 48 h, he presented refractory
septic shock and cardiorespiratory arrest without response to advanced maneuvers, for
which he died.

Histopathological report: in the histological sections, a malignant neoplastic lesion of
epithelial lineage with a glandular and in loose nests pattern is observed, which replaces the
mucosa and infiltrates the lamina propria, muscularis mucosas, submucosa, muscularis
propria, and the subserosa. Loss of continuity and perforation are observed in the wall of
lesion 3. In lesion 1 and 3, there are neoplastic cells, with hyperplasia or mesothelial in-
flammation. Less than 50% of the lesion is made up with intestinal phenotype glands of
different sizes, lined by pseudostratified simple columnar epithelium, with a nucleus: cy-
toplasm ratio of 2-3:1, clear cytoplasm, round nuclei with moderate atypia, membrane re-
inforcement nuclear, “salt and pepper” chromatin, evident nucleolus, and few mitosis;
between the glands, there is fibrovascular tissue and segmented mononuclear inflammatory
infiltrate (shown in Fig. 4).

The rest of the lesion is made up of mucus lakes and few nests of neoplastic cells, some
arranged in glands of different sizes, lined by simple cuboidal epithelium, with a nucleus:
cytoplasm ratio of 2-3:1, clear cytoplasm, round nuclei with moderate to severe atypia,
reinforcement of the nuclear membrane, “salt and pepper” chromatin, evident nucleolus, and
few mitosis. In the distal mucosa adjacent to the lesion, a polyp is identified, consisting
entirely of finger-like projections with vascular stems and lined by simple pseudostratified
columnar epithelium, with a nucleus: cytoplasm ratio of 2-3: 1, vacuolated cytoplasm, nuclei
with loss of the polarity with moderate atypia, reinforcement of the nuclear membrane,
chromatin in “salt and pepper”, and evident nucleolus, without mitosis. On the lymph nodes,
replacement of the parenchyma by nests of neoplastic cells is observed (shown in Fig. 5-7).

According to the surgical findings and pathological report, it is classified as stage [Vc (T4c,
N2b, and M1c) according to the TNM classification of the American Joint Committee on Cancer
(JACC), eighth edition, 2017 [9]. The CARE Checklist has been completed by the authors for
this case report, attached as supplementary material.

Discussion

The development of colorectal cancer depends on genetic and environmental factors.
Colorectal cancer is a multistep process that originates with a genetic mutation that is
considered to be tumor initiating, leading to a malignant phenotype and generating a growth
advantage compared to its normal counterpart. According to the atlas of the cancer genome,
colorectal cancer presents up to 16% of hypermutations, of which 75% are characterized by
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Fig. 1. a Chest X-ray PACS system, the General Hospital of Mexico. b Abdominal X-ray PACS system, the
General Hospital of Mexico.

Fig. 2. a Surgical specimen (colon). General Surgery Service, the General Hospital of Mexico. b Surgical
specimen indicating perforation site. General Surgery Service, the General Hospital of Mexico.

MSI-H, while in colorectal cancers without hypermutations, genetic mutations in APC TP53,
SMAD4, KRAS, and P13KCA are found [1].

The prevalence of synchronous colonic tumors is low; the average age of presentation is
the seventh decade of life. Patients with inflammatory bowel disease, hereditary nonpolyposis
colorectal cancer, familial adenomatous polyposis, hyperplastic polyps, or serrated polyps
have been shown to be at an increased risk of developing colorectal carcinoma at younger
ages [10, 11]. Hereditary colorectal cancer syndromes present an increased risk of presenting
synchronous tumors close to 10%. Most synchronous colon tumors were associated with
greater MSI-H than single colorectal tumors [11-13].

In our case, due to the clinical presentation, patient age, and pathological findings, the
study of this early synchronous tumor is proposed. The scarcity of polyps in the pathological
specimen and two locally advanced tumors influenced our analysis of the most common
etiological causes of this form of presentation, and MSI-H was considered as a probable cause.
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Fig. 3. a Surgical specimen, macroscopic view. Pathology Unit, the General Hospital of Mexico. b Surgical
specimen macroscopic view of the right colon. Pathology Unit, the General Hospital of Mexico. ¢ Surgical
specimen macroscopic view of the left colon. Pathology Unit, the General Hospital of Mexico.

Colorectal cancers exhibiting MSI-H have different molecular properties compared to the
majority of the tumors associated with microsatellite stability. The pathway of carcinogenesis
with MSS tumors is responsible for the development of about 85% of colorectal cancers. The
remaining 15% of colorectal cancers develop through an alternative pathway of colon
carcinogenesis, involving a defective MMR system due to the inactivation of genes such as
MLH1, MLH3, MSH2, MSH3, MSH6, PMS1, and PMS2, determining a high rate of somatic
mutations (hypermutation) and MSI-H [1].

Tumor location represents a source of heterogeneity in its biology and clinical phenotype.
The right colon has a different embryological origin and blood supply than the left colon and
rectum. The distribution of different molecular subtypes of colon cancer suggests that most
right colon tumors have mutations in microsatellites, KRAS, and PI3KCA with respect to left
colorectal cancers, also having a worse prognosis. Mutations in TP53 and APC were more
frequent in the left colon and rectum [1].

Patients with synchronous tumors appear to have a higher proportion of MSI-H than
patients with single tumors. Tumors with microsatellite stability have been more common in
the left colon, while tumors with high MSI-H are more common in the right colon, which in
turn leads to poorer cell differentiation. Analysis of large groups of synchronous colorectal
cancers shows that the vast majority have MSI-H and that the tumors present more alterations
of inter- and intra-tumoral heterogeneity which should be considered to select the most
appropriate therapy and monitor resistance to it [1].

After analyzing the family history of the patient and reviewing the literature in our case,
we found insufficient data to be able to establish an association with a hereditary colorectal
cancer syndrome, but we decided to continue with the immunohistochemical studies to
demonstrate the presence of microsatellites in the tumor due to an important tendency to
study microsatellites in locally advanced and synchronous colon tumors; however, the result
was negative for MSI-H. This helps us investigate other causes of genetic mutations, for which
more analysis of future cases is required, to establish a better diagnostic route from the
genetic point of view, since this could condition the establishment of more exact treatments
and greater control of disease that increases survival rates.
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Fig. 4. a Normal and neoplastic colonic mucosa transition. Complete loss of epithelial architecture is
observed, which is replaced by neoplastic glands (H&E-stained photomicrograph x4 objective).
b Neoplastic glands are observed arranged on a villloglandular pattern, with cylindrical cells, with
hyperchromatic, elongated nuclei, with loss of polarity. Apical cytoplasmic vacuoles are seen in some
cells (H&E-stained photomicrograph x10 objective). ¢, d In an approach to these neoplastic glands,
some fused; we can identify the neoplastic morphology of the cells that lose the nucleus cytoplasm
relationship, with hyperchromatic nuclei, with moderate to severe atypia. Inflammatory infiltrate is also
observed (H&E-stained photomicrograph x40 objective). d An approach to the neoplastic glands where
the loss of polarity is clearly observed, the nuclei are hyperchromatic, and an apical cytoplasmic vacuole
is observed (H&E-stained photomicrograph. x40 objective).

Nowadays, due to current diagnostic methods, preoperative surgical and therapeutic
plans can be established to avoid complications and early recurrence of these tumors. A
fundamental component for the diagnosis of colorectal cancer is a colonoscopy since it allows
the identification of advanced polyps in up to 15-50% of cases [14].

Different types of resections have been proposed; however, the type of therapy must be
individualized. Adequate lymph node resection improves the prognosis of these patients
[6, 15].

Treatment variables include extended surgical resection with anastomosis when there
are multiple tumors in the colon. It is also possible to perform segmental resections with
anastomosis if the case allows [16, 17]. Among the complications of performing segmental
resections are ileus and stenosis, while performing an extended resection, complications such
as ileus, intestinal leakage, intra-abdominal collections, and mesenteric artery thrombosis can
be expected [6, 16].

The decision to perform an extended resection or multiple resections should be based on
the location of the synchronous tumors, stage at the time of approach, and the patient’s
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Fig. 5. a, b Groups of neoplastic cells are observed, immersed in a clear eosinophilic material that
corresponds to mucin and exceeds more than 50% of the neoplasia (H&E-stained photomicro-
graph. x5 objective). ¢ Loose neoplastic cells are identified, reaching the serous layer of the intestine, mixed
with a predominantly mononuclear inflammatory infiltrate (H&E-stained photomicrograph x5 objective).
d A lymph node is identified in the subserosal adipose tissue, with infiltration by neoplastic glands with
mucinous material (H&E-stained photomicrograph x5 objective).

condition [6, 17]. However, when faced with perforated colonic cancer, adhering to the
principles of oncological surgery can be overcome by the nature of the emergency. Managing
shock, controlling sepsis, and source of infection in these unstable patients may make an RO
resection or adequate lymphadenectomy difficult [18, 19].

In this clinical case, an open approach was performed due to the suspicion of perforation of
the hollow viscus, and due to the location of both tumors, one on the proximal third of the
ascending colon and the other on the splenic flexure, it was decided to perform an extended
resection with total colectomy, due to the perforation in one of the tumors, the presence of
intestinal material, and contamination of the abdominal cavity, it was decided to perform terminal
ileostomy. The incidence of liver metastases in synchronous colon cancer is 11.8%; the possibility
of performing resection of synchronous tumors and liver metastases has been described to
improve the prognosis of the patients; however, in this clinical case, liver metastases were
considered unresectable due to their location, depth, and abscesses presence [15, 20, 21].

Some authors recommend that after the resection of synchronous tumors with unre-
sectable distant metastases, an adjuvant treatment should be chosen, including chemo-
therapy, selective chemotherapy through arterial infusion, coagulation, radiotherapy, among
others. Therapies should be individualized after a specific observation period to rule out
hidden metastases [15, 17, 19, 21].
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Fig. 6. In the serous layer up to the pericolonic adipose tissue, acute and chronic abscessed inflammation is
observed with scattered neoplastic cells, arranged in small nests, in addition to perineural invasion (H&E-
stained photomicrograph x5 objective).

Conclusions

The genetic study of colon cancer requires further investigation in complex cases; the
clinical characteristics, degree of invasion, and macroscopic characteristics of the tumor are
still insufficient to direct molecular studies of these tumors that allow us to establish directed
therapies from the medical and surgical point of view.

Surgical treatment of synchronous tumors should be individualized, and the possibility of
resecting the primary tumor and metastases, if any, should be evaluated. Adequate oncological
resection can be affected by intraoperative complications, the presence of sepsis, and
compromise of the patient’s hemodynamic status. In unresectable cases, consider adjuvant
therapy after a period of observation and control of sepsis, as well as improvement of he-
modynamic status. Multidisciplinary management in specialized centers is essential for the
treatment and timely detection of synchronous malignant colonic tumor complications,
therefore, improves long-term patient survival.
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Fig. 7. Immunohistochemical study. We can observe nuclear positivity of the four markers in the nucleus of
neoplastic cells at the sites of the lesion with an intestinal pattern, with moderate intensity, with the exception of
PMS2, and with mild intensity. The study ruled out MSI-H (polymeric peroxidase-binding complex x10 objective
lens and x40 objective lens to insertions).

Written informed consent was approved by the patient’s next of kin for publication of the
details of their medical case and any accompanying images.
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