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ABSTRACT
Objective: Colorectal carcinoma (CRC) is extremely rare in childhood and has a poor prognosis in young patients. The tumorigen-
esis of CRC in children and adolescents is still unclear and probably evolves through different stages. There are not enough studies 
about the rarity of K-ras mutations with childhood CRC. This study aimed to investigate the features and outcomes of childhood 
CRC as well as examine the frequency of K-ras mutations in CRC among children and adolescents.
Methods: The clinical and pathologic features, prognostic factors, and outcomes of CRC in 28 children and adolescents (ages 10 
to 17 years) referred to the Pediatric Oncology Department of Hacettepe University Children’s Hospital between 1974 and 2010 
were reviewed for this study. Paraffin-embedded tissues of 18 patients were available and these tissues were analyzed by using the 
“pyrosequencing” method to detect K-ras mutations.
Results: The median age of patients was 14 years and the male/female ratio was 2.5/1. At presentation, the most common symp-
toms were abdominal pain (57%) and weight loss (43%). The time between symptoms and diagnosis was 4 months. The most 
common sites of involvement were the rectum (43%) and sigmoid colon (25%). Mucinous adenocarcinoma was the most com-
mon histiotype (71%). At presentation, 89% of patients had metastatic disease, especially to the peritoneal surface (39%). Overall 
survival rates at 3 and 5 years were 10%. Distant stage (p=0.045), incomplete resection, and macroscopic tumor (p=0.000) were 
poor prognostic outcomes. A K-ras mutation was identified in three of the 18 patients (17%). The most common mutation of the 
patients was GGT→GAT at codon 12.
Conclusion: Childhood colorectal carcinomas occur in a shorter time than in adults, with different histiotypes and more likely 
different steps. It seems that K-ras mutation plays a role in this different biology of pediatric CRC. However, further studies are 
essential to investigate and understand the biology of childhood CRC.
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INTRODUCTION
Colorectal carcinoma (CRC) is extremely rare in the pediatric age. 
It accounts for less than 1% of all cancer cases in children younger 
than 20 years. The incidence is approximately one case per million 
in this age group (1, 2). In addition, a recent study by Ferrari et al. 
(3) has shown that the incidence of epithelial tumor of the colon is 
0.3/100.000. Although CRC has a good prognosis in adults when 
diagnosed early and treated by multidisciplinary approach, it has a 
poor prognosis in children because of the rarity of the tumor and 
its high potential for dissemination (4). Further, the pathobiology of 
pediatric and adult CRC may differ (5). The biology of CRC in adults 
is well known. In contrast, the tumorigenesis of childhood CRC, 
which necessarily occurs over a shorter period, is still unclear and 
most likely evolves through different stages (6).

K-ras is a proto-oncogene located on chromosome 12p12.1, en-
codes the plasma membrane-bound Guanosine Triphosphate (GTP)

binding protein that is a key regulatory component of numerous 
signal transduction pathways, and is activated by point mutations 
that occur at the critical hot-spot coding sequences (7, 8). Point 
mutations in codons 12,13, and 61 in the K-ras gene result in amino 
acid alterations in the p12(ras) protein and activation of the oncogen-
ic potential (9). However the biology of childhood carcinoma is un-
clear and the role of K-ras mutations is not known very well in CRC 
of children and adolescents. The current study aimed to investigate 
features and outcomes of CRC as well as examine the frequency of 
K-ras mutations in colorectal among children and adolescents.

METHODS

Patients and Clinical Data
Twenty-eight children and adolescents (aged 10–17 years) who 
had CRC diagnosed and referred to the Pediatric Oncology De-
partment of Hacettepe University Children’s Hospital between 
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1974 and 2010 were retrospectively reviewed for this study. Pa-
tient data were reviewed for age, sex, presenting symptoms, oth-
er chronic medical diseases, second malignancy, familial cancer 
history, consanguinity, diagnostic procedures, clinical character-
istics, hemoglobin levels, body mass indexes, histological type, 
stage of disease according to the Modified Dukes Staging (10), 

treatment methods, the interval between CRC diagnosis and re-
currence or progression, prognostic factors, frequency of K-ras 
mutation, and mutation analyses. This study was approved by 
the institutional review board of the Hacettepe University Facul-
ty of Medicine, and written informed consent was obtained from 
the patients.

Tumor Tissue Preparation and K-ras Sequencing
Paraffin-embedded tissues of 18 patients were available. Muta-
tions on 12th, 13th, and 61st codons of the K-ras gene were ana-
lyzed in colorectal carcinoma sample tissues by using the ‘py-
rosequencing’ method. Study was composed of two analyses, 
which were performed using the PyroMark K-ras kit. The muta-
tions were searched on the 12th and 13th codons in the first anal-
yses and on the 61st codon in the second analyses. “QIAamp DNA 

Main Points:

• Colorectal carcinoma (CRC) is extremely rare in childhood 
and has a poor prognosis in young patients.

• CRCs occurs in a shorter time than in adults, with a different 
histology and more likely with different stages.

• It seems that K-ras mutations play a role in the different bi-
ology of pediatric CRC.

Table 1. Demographic characteristics of the 28 patients with colorectal carcinoma

n %

Sex Female 8 26.8

Male 20 71.4

Age Median=14 (10–17)

Time between symptoms and diagnosis Median=4.1 (2.0–6.2)

Cancer History of relatives 6 21.4

Anemia at diagnosis 17 60.7

Most common symptoms Abdominal pain 16 57.1

Weight loss 12 42.8

Location Rectosigmoid 19  67.8

other sites 9  32.2

Stage (Modified Dukes*) A - 0

B 3 10.7

C 18 64.3

D 7 25

Histology Mucinous Adenocarcinoma 20 71.4

Signet- ring cell Adenocarcinoma 4 14.2

Adenocarcinoma 4 14.2

Metastatic disease at diagnosis 25 89.2

Most common metastatic site Peritoneal surface 11 39.3

Chemotherapy 26 92.8

Radiotherapy 6  21.4

Overall survival of 3 and 5 years 3 10.7

*Modified Dukes’ Classification of Colorectal Carcinoma
A: Lesion confined to the bowel wall
B: Direct extension to serosal fat without lymph node involvement
C: Lymph node involvement
D: Distant metastases (may include extranodal intra-abdominal tumor, lung, brain, bones, etc.)
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FFPE Tissue Kit” was used for DNA isolation from the paraffin-em-
bedded tissues, obtained from 10 micron thickness samples that 
represent the tumor. DNA quantity was 10–20 ng/μl in a sample. 
Then, K-ras polymerase chain reaction (PCR) protocol was ap-
plied. Amplification was done using the “Thermal Cycler 9700” 
device. K-ras studies were done using the “PyroMark Q24 MDx” 
device through the “pyrosequencing” method (11, 12).

Statistical Analysis
All data were analyzed using the SPSS 17.0 (SPSS Inc.; Chicago, IL, 
USA) for Windows package program. Continuous variables that are 
normally distributed were expressed as mean ± standard deviation, 
and those that were not normally distributed as median (min-max). 
Categorical data were expressed as percentages. Normal distribu-
tion of continuous data was determined by a histogram and the 
“Kolmogorov Smirnov Test.” The significance of the difference be-
tween the normally distributed data was analyzed using the “One 
Sample t-test”; the significance of the difference between the data 
that were not normally distributed was analyzed using the “Mann 
Whitney U-test.” The difference between pathologic types was de-
termined by “Kruskal–Wallis Test.” Estimation of the duration of sur-
vival was done by the “Kaplan–Meier” method. “Log Rank Test” was 
used in determining the difference of survival duration between 
groups. The p values less than 0.05 was accepted as significant.

RESULTS
Of the 28 patients, 8(28.6%) were females and 20(71.4%) were 
males. The male/female ratio was 2.5/1. The median age of pa-
tients was 14 years at diagnosis (range 10 to 17 years). The other 
features are shown in Table 1. All patients had more than one 
symptom at presentation. The time between symptoms and di-
agnosis was 4.1 months (range: 2–6.2 months). The predominant 
symptoms were abdominal pain (n=16,57.1%) and the second 
was weight loss (n=12,42.8%), followed by abdominal distention 
(n=9), vomiting (n=9), constipation (n=8), loss-of-appetite (n=7), 
weakness (n=6), diarrhea (n=5), hematochezia (n=5), melena 
(n=3), fever (n=3), intestinal obstruction (n=2), and dysuria (n=2).

Five patients had a relevant medical history, including Bloom‘s 
syndrome (n=1), chronic glomerulonephritis (n=1) and guatr, 
hamartomatosis polyposis coli and hypertrophic osteoarthrop-
athy (n=1), non-familial polyposis coli (n=1), and nephrolithiasis 
(n=1). Regarding familial cancer history, patients had no family 
cancer history (n=22), family members had a history of colon 
cancer (n=2) and non-colonic cancer (n=2), some patients has an 
undetailed cancer history (n=1), and one patient’s family cancer 
history was unclear. In addition, patients had no secondary ma-
lignancy. Further, the degree of consanguinity in the parents was 
evaluated. Eighteen parents of patients had no consanguinity, 
followed by first-degree relatives (n=7), second degree relatives 
(n=2), and unknown degree relatives (n=1). Seventeen (60.7%) of 
28 patients with hemoglobin data were anemic at presentation, 
with hemoglobin values of less than 8 g/dL (5.6–7.9 g/dL) (n=2), 
9.6 g/dL (n=1), and between 10.1 g/dL and the lower limit of the 
normal value for age and sex (n=14). The documentation of the 
fecal occult test results was poor.

Body mass indexes (BMI) were calculated from the charts of 18 
patients at diagnosis. The BMI of 16 patients was less than 20, 

one patient between 20 and 25, and one patient between 25 
and 30. Five of the patients with a BMI of less than 20 (31.2 %) 
had a secondary disease but the other 11 (69%) did not have. Of 
the 28 patients who had a pathologic diagnosis, the charts of 25 
patients reported that the diagnostic evaluation was performed 
with more than one procedure. The main initial procedure was 
barium enema (n=13), endoscopy (n=10), abdominal computed 
tomography (n=9), abdominal ultrasonography (USG) (n=13), 
and exploratory laparatomy (n=6).

The primary site of the tumor was the rectum in 12 patients, sig-
moid colon in 7, descending colon in 2, splenic flexura in 1, trans-
verse colon in 4, hepatic flexura in 1, and cecum in 2 patients. 
The ascending colon location did not exist. Histopathological 
findings included mucinous adenocarcinoma in 20 (71.4%), sin-
gle-ring cell carcinoma in 4 (14.2%), and adenocarcinoma in 4 
(14.2%) patients. The other pathologic types did not exist. Ac-
cording to the colon localization, the most common histopatho-
logic type was the mucinous adenocarcinoma in the recto sig-
moid and other sites.

Of the 28 patient, only 3 (10.7%) had a localized disease, while 
the others (n=25, 89.2%) had a metastatic disease. The extent of 
disease was determined using the Modified Dukes Staging. Al-
though stage A did not exist, stage B was observed in 3 patients 
(10.7%), stage C in 18 (64.3%), and stage D in 7 (25%). The most 
common site of metastatic disease was the peritoneal surface 
(n=11, 39.3%), followed by the close lymph nodes (n=10, 35.7%), 
distant lymph nodes (n=2, 7.1%), omentum (n=6, 21.4%), mes-
enterium (n = 7, 25%), lung (n=2, 7.1%), liver (n=5, 17.9), kidney 
(n=1, 3.6%), bladder (n=1, 3.6%), and stomach (n=1, 3.6%).

Surgical procedures for diagnosis or treatment were biopsy (n=9), 
colon resection (n=20), colostomy (n=19), expiratory laparotomy 
(n=7), and anastomosis (n=3). Complete resection (R0) was not 
preferred for any of the patients. Seventeen patients (60.7%) had 
incomplete resection and microscopic tumor (R1) and 11 (39.3%) 
had incomplete resection and macroscopic tumor.

The other treatment procedures were chemotherapy and radio-
therapy. Of 28 patients, 26 received chemotherapy, while the 
other two patients after diagnosis went to another medical cen-
ter for treatment. The treatment and radiotherapy information 
were incomplete. However, 13 (46%) patients were diagnosed on 
or before the year 1990. The treatment choices were as follows: 
5-FU, lomustine (CCNU), dacarbazine (DTIC), adriamycin, and mi-
tomycin C. On the other hand, 15 (53%) patients were diagnosed 
after 1990, and received chemotherapy consisting of 5-FU, le-
vamizole, adriamycin, mitomycin C, irinotecan, bevacizumab, 
oxaplatin, and interferon. Only six patients (21%) received ra-
diotherapy. There were three known long-term survivors in our 
study, who received a treatment consisting of 5-FU, lomustine, 
irinotecan, and oxaplatin, and are still alive.

Paraffin-embedded tissues of 18 patients were available and these 
tissues were analyzed using the ‘pyrosequencing’ method for de-
tecting K-ras mutations. K-ras mutation was identified in three of 
the 18 patients (16.6%). The most common mutation of the pa-22
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tients was GGT→GAT at codon 12. The patients with K-ras muta-
tions were 13, 16, and 10 years old and the male/female ratio was 
2/1. The most common location was sigmoid and the most com-
mon histiotype was mucinous adenocarcinoma. Stages were C, B, 
and D (Modified Dukes), respectively. No one had other illnesses. 
Survival times were 25, 14.5, and 10 months, respectively.

The twenty-eight patients were evaluated for the survival anal-
ysis. Event-free survival (EFS) was evaluated only in 23 of 28 pa-
tients as 5 patients did not receive all the treatments in our med-
ical center. Overall survival and EFS rates at 3 and 5 years were 
10% and 17%, respectively. Distant stage (p=0.045), incomplete 
resection, and macroscopic tumor (p=0.000) were poor prognos-
tic outcomes.

DISCUSSION
CRC is primarily a disease of adulthood, and is very rare in chil-
dren and adolescents (13). There is limited data on childhood 
CRC in the literature (14). Young colorectal cancer patients have 
a distinct group of malignancies with various clinical and patho-
biological features (6, 5). To our knowledge, the current study 
is one of the rare CRC case series in children and adolescents, 
which demonstrates the relationship K-ras mutations and child-
hood CRC (15).

As was previously noted, the male predominance in childhood 
CRC is in contrast to the situation for adult patients. Sex differ-
ences in adult CRC have been associated with biological, be-
havioral, and environmental factors; however, the data on gen-
der differences in childhood CRC are limited (16). In a study of 
11,071 primary CRC cases diagnosed at the ages of 15–39, Teng 
et al. found that male gender was associated with an increased 
risk of death (17). People in their 30s or 40s with positive family 
histories exhibited a higher relative risk compared to their age-
matched peers, as well as older people with the same positive 
family histories (18-20). The evidence for an elevated risk of 
bowel cancer in children and adolescents with a family history 
of the disease is unclear (21). The predisposing genetic diseases, 
polyposis syndromes, and inflammatory bowel diseases associ-
ated with pediatric CRC include familial adenomatous polypo-
sis, Lynch syndrome (hereditary non-polyposis colorectal cancer 
[HNPCC]), and ulcerative colitis (22, 14). In some series, 10%–30% 
of reported childhood CRCs had predisposing factors (23, 24, 5); 
however, most childhood cases occur without known predispos-
ing syndromes (21, 22).

The presenting features of pediatric and adult CRC such as the 
interval between symptoms and diagnosis, pathological find-
ings, stage, and prognosis are similar, even as observed in this 
study. The symptoms of childhood CRC can vary from abdomi-
nal pain, nausea and vomiting, abdominal distention, changes 
in bowel habits, and weight loss to bloody stool or rectal bleed-
ing. Patients usually have more than one symptom (25). In ac-
cordance with the findings of previous studies, abdominal pain 
was the most predominant presenting symptom (26). Compared 
to adults, CRC rarely occurs in children; thus, there is a low index 
of suspicion. The limited experience with this disease in children 
often results in delayed diagnosis (27, 14).

A review of the literature suggests that the duration of the symp-
toms of childhood CRC varies widely, and the median interval is 
short. Acute presentation is more frequent in young patients (28). 
The duration of symptoms in our series was 15 days–12 months, 
with an average of 1.5 months despite the presence of advanced 
disease in most of the cases. The short duration could confirm the 
aggressiveness of the tumor biology and the rapid tumor growth 
besides a delayed diagnosis or both of them (29, 24, 30). Simi-
lar to the findings of previous studies, the most common stage 
in accordance with the modified Duke criteria was stage D, fol-
lowed by stage C, and the most common sites of metastatic dis-
ease in our study were the lymph nodes, peritoneal surfaces, and 
liver (31). Children and adolescents contributed to the advanced 
disease at presentation (29, 22, 28, 24). Important CRC studies 
in which childhood was defined as ages lower than 21 have 
demonstrated that left colon cancers are more predominant. 
The differences in presentation, histology, undifferentiation, and 
outcome are likely to reflect the distinctive features in the tumor 
biology of pediatric and adult CRCs. This suggests that the dis-
ease progresses through different stages in these populations 
(5, 24). CRC in adults is usually linked to preexisting adenomas. 
It develops over approximately 10 years through a well-known 
multistep process. In contrast, premalignant adenomas are rare-
ly seen in relation to the presence of sporadic CRC in children, 
and the tumorigenesis of childhood CRC occurs over a shorter 
period (21, 26, 24). The incidence of mucinous adenocarcinoma 
is higher in children and adolescents (44%–91.7%) in compari-
son to adults (5%–15%) (32, 29). In the largest cohort of pediatric 
CRC, the signet-ring cell carcinoma accounted for 15.4% of the 
CRCs in patients under 21 years old; the incidence for adults was 
0.01%–2.6% (33, 22). Mucinous CRC has distinctive clinical and 
molecular features from non-mucinous CRC (34). In a study of 
the molecular features of early-age onset (age ≤ 30) CRC, Khan et 
al. found that microsatellite instability (MSI) was more prevalent 
in early-onset CRC. Unlike CRC in adults, CRC in children is not 
tightly linked to MLH1/PMS2 loss, and it has never been associ-
ated with BRAFV600E mutations. The MSS/BRAFV600E genotype 
had a poor prognosis and was more prevalent in early-age CRC 
(9% vs. 3%) (15).

The K-ras gene is an oncogene, the natural form of which is a 
proto-oncogene or wild-type oncogene, which is involved in 
the regulation of cellular responses (35, 36). The K-ras protein is 
responsible for the transduction of mitogenic signals from the 
epidermal growth factor receptor (EGFR) on the cell surface to 
the cell nucleus (37). This short gene sequence is susceptible 
to point mutations, and GTP activity is lost with mutation (37). 
K-ras mutations occur during the progression and metastasis of 
CRCs. In addition, it might be present in other cancers, such as 
lung adenocarcinomas and pancreatic ductal adenocarcinoma 
(38-40). K-ras mutations have been found in 30%–50% of col-
orectal CRCs in adults, and the most frequent point mutation 
has been found in codons 12, 13, and 61 (35, 41). K-ras muta-
tions have a strong effect on the growth of colonic polyps and 
early cancers (42); however, the K-ras mutation is not sufficient 
alone to influence the progression malignant transformation. 
The associations of the K-ras mutations with other mutations, 
such as APC, are also important (38, 35). The K-ras mutation is 
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used in CRC as a useful marker for predicting tumor respon-
siveness to anti-EGFR antibody therapy, as its key role in EGFR 
signaling (36, 43). It is also a negative predictor of the response 
to anti-EGFR therapy (41). The value of the K-ras mutation as a 
prognostic factor after CRC diagnosis in adults is controversial. 
It would appear that the K-ras mutation is a useful marker for 
CRC treatment rather than a prognostic factor (36). The data on 
K-ras mutations in early-onset CRC are heterogeneous and lim-
ited. Previous studies have reported that K-ras gene mutations 
occur at rates of 4%–27% in early-onset CRC (44-47), as well as 
a significantly higher proportion (54%), with mean age over 
30 years, as reported by Watson et al. (48). Khan et al. reported 
the rate of K-ras mutations in individuals diagnosed with early 
age (≤ 30 years) onset CRC as 28% (15). The mean age was not 
under 18 years in these previous studies; consequently, these 
results might not reflect the rates of K-ras mutations in child-
hood CRC. The treatment options for childhood CRC are similar 
to those for adults (21).

Modified adult CRC protocols are utilized initially because of 
a lack of standardized protocols for CRC treatment of children 
(22). Surgery is the mainstay of treatment for CRC, and complete 
resection is a good prognostic factor (49, 28, 21). However, the 
complete resection rate is reportedly less than optimal in chil-
dren because most of the patients present with advanced dis-
ease at diagnosis (14). Poorer outcomes might be also associated 
with the delayed diagnosis and low index of suspicion attribut-
ed to the rarity of childhood CRC, nonspecific symptomatology 
that mimics several common infections, and functional gastro-
intestinal disorders in childhood, with a shorter time between 
symptoms and diagnosis. The unfavorable histologic variant pre-
sentation with the distant stage and the inapplicability of adult 
screening tests in children are also possible factors in the poor 
outcomes (2, 50, 51).

CONCLUSION
Childhood CRCs have a poor prognosis even with new ther-
apies by the reason of the delayed diagnosis, nonspecific 
symptomalogy, lack of feasibility to use adult screening tests 
in children, distant stage at presentation, and unfavorable his-
tologic variants. CRCs occurs in a shorter time than in adults, 
with a different histology and more likely with different stages. 
It is significant that three of 18 (16.6%) patients showed K-ras 
mutations at an early age. It seems that K-ras mutations play a 
role in the different biology of pediatric CRC. K-ras mutation’s 
prognostic significance could not be portrayed due to the small 
number of patients. Further studies are necessary with larger 
series of patients to investigate and understand the biology of 
childhood CRC and the relevance of the K-ras mutations on the 
prognosis.
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