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Abstract

Pediatric colorectal cancer, comprising just 1% of childhood cancers, has surged among young individuals, underscor-
ing its significant health impact. Diagnostic challenges arise from atypical presentation and nonspecific symptoms
in 90% of cases, leading to delayed detection in 19%.

Methods A 2-year retrospective study of pediatric colorectal carcinoma cases was conducted across a specialized
surgical pediatric center. Data were gathered, including age, symptoms, diagnostics, treatments, and outcomes.

Results Six colorectal carcinoma cases (median age, 16) were documented, mainly in males (66%). Predominant
histological types included mucinous adenocarcinoma and signet ring cell carcinoma. Metastasis was present in all
cases, with symptoms including hematochezia (83%), abdominal pain (100%), weight loss (66%), and anemia (100%).
Diagnosis often faced misidentification, fostering disease progression and metastasis. Various diagnostic and treat-
ment modalities were employed, including surgery and neo-adjuvant or adjuvant chemotherapy.

Conclusion Swift detection and intervention for pediatric colorectal carcinoma are pivotal. Efficient diagnostics
and heightened awareness among medical professionals and the public are imperative. Early surgical intervention
remains a cornerstone, especially for patients with pertinent family histories and characteristic symptoms. Tailored
guidelines for pediatric patients are needed to enhance outcomes and survival.

Highlights

« CCis rare but increasing among young individuals.

« CCiis often diagnosed late or misdiagnosed due to atypical presentation and nonspecific symptoms.
- Early detection and treatment of CC are crucial for patient survival.

« CC treatment involves surgery, chemotherapy, and targeted therapies.

« Awareness of CC symptoms and risk factors is vital for early detection and management.
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Background

Colorectal cancer in children (CC) is a rare disease, but
there has been an increase in its incidence among young
ages in recent years. While it represents only 1% of all
childhood cancers, it is essential to consider this disease
due to its significant impact on children’s health [1].

The diagnosis of CC is often delayed or confused due
to its atypical presentation and nonspecific symptoms in
up to 90% of cases. This complicates timely detection and
consequently results in advanced-stage disease diagnosis.
Only about 19% of cases have localized disease at diagno-
sis. It is crucial to note the low level of suspicion among
clinicians for this age group [2].
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Most cases of CC occur sporadically without any iden-
tifiable hereditary cause. However, in 10-30% of cases,
there are predisposing factors such as genetic syndromes
like familial adenomatous polyposis (FAP), Peutz-Jegh-
ers syndrome (PJS), juvenile polyposis syndrome (JPS),
Lynch syndrome, and inflammatory bowel diseases.
These syndromes may be associated with chromosomal
instability or genetic alterations [3].

The most common types of pediatric adenocarci-
noma are mucinous adenocarcinoma and signet ring
cell carcinoma, which tend to be more aggressive
[4], further complicating surgical management and
impacting prognosis [5].

Table 1 General characteristics of the PCC patients

Subject

Early surgical intervention

Late surgical intervention

1

2

3

4

5

6

Adenocarcinoma
hitologic type

Age (years)
Gender

Time of evolution
(days)®

Symptoms

Image study

The primary site of
the tumor

Metastasis

Treatment

Early surgery®

Late surgery®

Chemotherapy

Inmunomodu-
ladores
Evolution
(months)®

signet ring cells

17
M
15

Anemia, pain,
hematochezia, signs
of acute abdomen

CTe

Descending colon
and rectosigmoid
junction

Peritoneal carcino-
matosis and regional
lymph nodes

Laparotomy
and biopsy

Laparotomy
for tumor obstruc-
tion and ileostomy

Adyuvant

Yes

15

signet ring cells

17
M
34

Anemia, pain,
hematochezia, signs
of acute abdomen

CT¢
Colonoscopy
PET-CT

Ascending colon

Regional lymph
nodes, hepatic,
bone, and peritoneal
carcinomatosis

Laparotomy
and biopsy

Laparotomy, left
hemicolectomy,
colostomy

Adjuvant
No

14

signet ring cells

16

15

Anemia, pain, signs
of acute abdomen

Abdominal ultra-
sound
CT¢

Descending colon

Distal lymph nodes,
ascending colon,
peritoneal carcino-
matosis

Laparotomy
and appendectomy

No

Neoadjuvant
No

signet ring cells

16
M
35

Anemia, pain, hema-
tochezia

CT¢
PET-CT
Panesdocopy

Descending colon
and rectosigmoid
junction

Peritoneal carcino-
matosis, transverse
colon, regional
lymph nodes,

and jejunum

No

Laparotomy
for tumor obstruc-
tion and ileostomy

Adjuvant
Yes

12

signet ring cells

16
M
15

Anemia, dolor, hema-
toquezia

CT¢
MRCP

Descending colon

Peritoneal carcinomato-

sis and regional lymph
nodes, duodenum,
pancreas, spleen,

and transverse colon

No

Laparotomy, left hemi-

colectomy, tumoral
resection, colostomy

Ajuvant
No

15

Well differenciated

14
F
63

Anemia, pain, hematochezia

Abdominal ultrasound
CT¢

MRCP

Coaxial hepatic biopsy
Colonoscopy
Rectosigmoid junction
and appendix

Regional lymph nodes,
hepatic, and bone

No

No

Neoadjuvant
No

F female, M male

2Time since the first symptom was detected by the patient in the initial interrogatory

b computed tomography from the thorax, abdomen, and pelvis with contrast. PET CT positron emission computed tomography, MRCP magnetic resonance
cholangiopancreatography

¢ Patients with an initial surgery because of the presentation at admission of acute abdomen

9 patients with no acute abdomen symptoms and did not have surgery at admission

€ Time from the first hospital admission until death
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This study aims to share our experience in CC, which
may aid in generating research questions for future inves-
tigation or developing specific guidelines.

Methods

This is a retrospective, observational study analyzing
cases of CC at a pediatric oncology surgical reference
center in Mexico over 2 years.

Data from each selected case was collected to conduct
this study. Relevant information for each case, including
age, symptoms, diagnostic tests, treatments received, and
clinical outcomes, was recorded.

The collected data was analyzed to identify patterns,
standard features, and potential areas for improvement in
the early management of pediatric colorectal carcinoma
patients. All patients had a late presentation, and all of
them had metastatic disease (Table 1).

Results

Six cases of CC are included, patients with a median age
of 16 years (from 14 to 17 years). The disease was pre-
dominant in male patients, representing 66% of the
cases. The most frequently encountered histological
type was mucinous adenocarcinoma, with signet ring
cells in 83.3% (Fig. 1), with the remaining cases being
well-differentiated adenocarcinoma. The primary site
of involvement predominantly affected the descending
colon and rectosigmoid junction in 50% of cases, fol-
lowed by the ascending colon and vermiform appendix
in 16.6% each. All patients presented with metastasis
at diagnosis. Regional involvement was observed in all
patients, including lymph nodes, peritoneal, diaphragm,
and transverse colon carcinomatosis. Three patients had
liver metastasis, one had bone metastasis, and another
had bone marrow metastasis. One patient had metastasis
in their small intestine (duodenum and jejunum), while
another patient had metastasis on their spleen and pan-
creas. All were CC metastasis (Table 1) (Fig. 2).

Patients experienced a gradual onset of symptoms, and
it took a median of 29.5 days with a median of 24.5 and
a mode of 15 days from the first symptom to their initial
hospitalization. Patients were admitted with abdominal
pain and marked anemia. Hematochezia was present in
83.3%, and 66.6% reported asthenia, discomfort, fatigue,
and weight loss. Palpable abdominal tumors were found
in 50% of the patients. Three patients were admitted for
the first time with acute abdominal symptoms that were
surgically explored on an emergency basis. Fifty percent
of the patients were managed with surgery for acute
pain, while the rest were approached due to a history of
abdominal pain and paresthesia in one case. During their
hospital course, 50% progressed to third-space leakage
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Fig. 1 Histology findings. A A hematoxylin-eosin-stained
photomicrograph showing a moderately to poorly differentiated
malignant neoplastic lesion of epithelial origin. Cells are arranged

in glandular formations and appear as poorly differentiated solitary
cells in a solid pattern. B High-power dry magnification reveals

loss of cohesiveness in non-glandular neoplastic cells. These cells
exhibit enlarged eosinophilic cytoplasm, some containing a single
intracytoplasmic vacuole displacing nuclei to the periphery, resulting
in hyperchromatic oval and round nuclei with prominent nucleoli
resembling a “signet ring”appearance. C The invasion pattern involves
infiltrating neoplastic cells into mature adipose tissue with mucin
production. This corresponds to a moderately poorly differentiated
adenocarcinoma, with some cells displaying a signet ring pattern
and reduced cell cohesion within infiltrated tissue

with pleural effusions or ascites. Thiry-four percent of
patients had a history of gastrointestinal vomiting, and
less frequently, more nonspecific symptoms such as
oral intolerance, distant adenopathy, and diarrhea were
observed. After a fall, a patient experienced progressive
paresthesia in their lower extremities; it was found that
the symptoms were due to metastasis of the lumbar ver-
tebrae (Tables 2 and 3).

All patients underwent computed tomography to eval-
uate disease extent, with 50% having a prior abdominal
ultrasound and only one patient undergoing magnetic
resonance imaging due to symptoms. Four patients
underwent endoscopic studies for lesion evaluation and
biopsy when they had no abdominal emergency, and
an adequate approach was made (Fig. 3). Two patients
underwent positron emission computed tomography
(PET CT), where primary lesions were visualized. The
PET CT was used to identify the primary site of the dis-
ease. The use of the radiology modalities was based on
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Fig. 2 Endoscopy and surgical tumor findings. A Finding on colonoscopy: inflamed and friable sessile polyp. B The same colonoscopy

with other less inflamed and friable sessile polyp. C Inflamed, friable colon mucosa with tumor metastasis. D Surgical finding: tumor in the right
colon at the ileocecal valve completely obstructing the Intestinal lumen. E Surgical finding: tumoral metastasis to the third duodenal segment
and pancreas already resected. F Laparoscopic finding: tumoral implant at the jejunal level

the presentation of symptoms, the emergency of each
subject, and the evolution.

Based on the initial presentation of acute abdominal
pain, we can differentiate between early and late surgical
intervention. When early was a surgical emergency pro-
cedure based on the acute abdominal presentation, and
late when an adequate approach of the patient could be
made.

Two patients underwent laparoscopic procedures for
diagnosis, while three were approached by exploratory
laparotomy depending on the availability of laparoscopy
equipment and the surgeon’s experience. Fifty percent of
the patients required surgery: ileostomy, colostomy, hemi-
colectomy, or appendectomy. Only one patient underwent
percutaneous biopsy with a coaxial system. Neoadjuvant

and adjuvant chemotherapy was offered to all patients, and
only 2 underwent immunomodulatory therapy (Table 1).

It was discovered that two patients had a significant fam-
ily history of hereditary conditions (Fig. 4). Five patients had
passed away, and only one was still receiving palliative care
due to the rapid progression of the disease. On a median,
patients lived for 10.5 months after diagnosis, with a median
of 13 months and a mode of 15 months until death.

Discussion

Pediatric colorectal carcinoma, due to its distinct charac-
teristics, constitutes a group of rare tumors that have been
on the rise within the population. The most common his-
tological types include mucinous adenocarcinoma with
signet ring cells and well-differentiated adenocarcinoma,
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Table 2 General characteristics of the PCC patients, the primary
site of affection, metastasis, and treatment

n=6 (%)
Age® (M) 16
Gender
Male 4 (66)
Female 2(34)
Histological type
Signet ring cell carcinoma 5(83.3)
Well differentiated adenocarcinoma 1(16.6)
Primary tumor site
Left colon 3 (50)
Right colon 1(16.6)
Sigmoid rectum 3(50)
Appendix 1(16.6)
Metastasis 6 (100)
Regional 6 (100)
Liver 3 (50)
Bone / bone marrow 2 (34)
Small intestine 2 (34)
Spleen 1(16.6)
Pancreas 1(16.6)
Treatment
Urgent surgery 3(50)
Laparoscopy 2(34)
Laparotomy 3(50)
Percutaneous biopsy 1(16.6)
Adjuvant chemotherapy 6 (100)
Immunotherapy 2 (34)

Regional: mesenteric, retroperitoneal nodules, peritoneal carcinomatosis,
omentum, and transverse colon

2 Age in years, M median

which are more aggressive than unspecified adenocar-
cinoma. The most common histological type includes
mucinous adenocarcinoma with signet ring cells, which
are more aggressive than unspecified adenocarcinoma,
and well-differentiated adenocarcinoma.

Emphasizing the collaboration between specialized
centers for adult and pediatric colorectal carcinoma
is crucial, given the absence of specific guidelines for
managing this disease in children. Establishing an
early and appropriate approach for pediatric patients
is imperative, leveraging guidelines and expertise from
both areas [6].

Regarding hereditary backgrounds, genetic coun-
seling is recommended for patients with familial cancer
syndromes or relevant hereditary histories. This could
facilitate timely detection, classification, molecular typ-
ing, and identification of potential responders to targeted
treatments such as immunomodulators or neoadjuvant
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Table 3 Symptomatology and disease progression
Symptoms n==6 (%)
Anemia 6 (100)
Abdominal pain 6 (100)
Hematochezia 5(83.3)
Constitutional 4 (66.6)
Weight loss 4 (66.6)
Palpable tumor 3(50)
Pleural effusion/ascites 3 (50)
Acute abdomen 3 (50)
Emesis 2 (34)
Refuse to oral intake 1(16.6)
Lymphadenopathies 1(16.6)
Diarrhea 1(16.6)
Paresthesia 1(16.6)
Evolution time® AVR (M, Mo) 29.5 (24.5, 15)
Evolution time throw decrease or actual® AVR (M Mo) 105 (13, 15)

AVR average, M median, Mo mode
@ Evolution time in days from the first symptom throw the hospital admission

b Evolution time from the diagnosis until decease or actual status

radiotherapy [7, 8]. The study highlighted the importance
of genetic backgrounds in identifying early intervention
for two patients.

Symptomatic patients presented with chronic abdomi-
nal pain, weight loss, iron-deficiency anemia, and hem-
atochezia, consistent with existing literature. Acute
abdominal presentation occurs in over 20% of cases [9],
as observed in one study patient. Preventing misdiagno-
sis is crucial since approximately 90% of pediatric colo-
rectal carcinoma cases initially receive an inaccurate
diagnosis, leading to disease progression and metastasis
in 81% of cases [10, 11].

There are several methods to detect colon cancer in its
early stages. These include abdominal ultrasound, endos-
copy, and colonoscopy. Computed tomography, Tc99
bone gammagraphy, and PET CT determine the cancer
stage. Additionally, tumor markers such as carcinoem-
bryonic antigen and carbohydrate antigen 19-9 can help
in monitoring and detecting recurrence [12, 13].

Immunomodulatory therapy has shown promise in
treating pediatric colorectal carcinoma, especially in
cases with hereditary syndromes or DNA microarray
instability [14]. The seventh edition of the AJCC staging
system (2017), which uses TNM and Duke’s prognostic
stages, is used to stage pediatric colorectal carcinoma
[15]. The classification shows that 18.4% of cases are stage
B, 55.3% are stage C, and 26.3% are stage D. It is essen-
tial to note that pediatric patients never reach the more
favorable stage A [16]. Patients with stage II to IV dis-
eases involving regional nodes or metastasis benefit from
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#
Fig. 3 Imaging findings in pediatric colorectal carcinoma patients. A Abdominal ultrasound of the left colon, demonstrating intestinal wall
thickening and luminal occlusion with an isodense lesion with hypodense centers. B Contrast-enhanced chest and abdominal computed
tomography showed significant bilateral pleural effusion. C Chest and abdominal computed tomography display thickening of the left colon wall
with mural infiltration, accompanied by dilatation of the proximal intestine extending to the stomach. D Abdominal magnetic resonance imaging
reveals hypointense lesions with hyperintense capsules in the liver. E Bone scintigraphy shows increased uptake at the site of skeletal metastasis
in the lumbar vertebra
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neoadjuvant chemotherapy [17-19]. Radiation therapy is
typically given after surgery. These findings highlight the
significance of staging and prognostic factors in deter-
mining appropriate treatment for CC. Adverse effects
of chemotherapy enhance outcomes for stage II and
advanced stages [6, 20, 21]

Colon

i adenocarcinoma

Fig. 4 Pedigree of the two patients with a positive family history of cancer

Conclusion

Early detection and treatment are crucial for improv-
ing the survival and long-term outcomes of CC. Effi-
cient diagnostic algorithms can facilitate patient
management and ensure early diagnosis. Surgery is
the primary treatment for CC, and early intervention
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significantly influences patient prognosis. Raising
awareness among pediatricians, pediatric surgeons,
and the public about CC, its symptoms, and risk fac-
tors is fundamental to encouraging early detection and
proper management.
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