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Abstract
Background: Gastrointestinal (GI) carcinomas are very rare in the pediatric and adolescent age

range. We report the clinical features, treatment, and outcome of a series of children and ado-

lescents with GI carcinoma prospectively registered in the Italian Tumori Rari in Età Pediatrica

(TREP) project.

Methods:TheTREPproject developeddiagnostic and therapeutic guidelinesbasedon recommen-

dations currently in use for adults. Clinical data were centrally registered and reviewed.

Results: Fifteen patients were registered over the years 2000–2016. Most of the tumors were

colorectal carcinomas (12 cases). All but one patient had advanced-stage disease (American Joint

Committee on Cancer stages III–IV), and the majority of patients had aggressive histological

subtypes, i.e. poorly differentiated (G3) (five patients), mucinous (four patients), and signet ring

(two patients) adenocarcinomas. Surgery was performed in 13 of 15 patients, and was radical in

nine of 13 patients. Only one patient received postoperative radiotherapy. All patients received

chemotherapy, with the addition of bevacizumab in two cases. Nine patients were still alive at the

time of the present report, but two of them had only just completed their treatment program and

one patient is still on treatment. Six patients died due to disease progression.

Conclusions: This prospective report on pediatric GI tract carcinomas confirms the rarity and

biological aggressiveness of these diseases in pediatric and adolescent age. Further prospective

Abbreviations: AIRTum, Associazione Italiana Registro Tumori; AJCC, American Joint Committee on Cancer; CRC, colorectal carcinoma; FAP, familial adenomatous polyposis; GI, gastrointestinal;

HDGC, hereditary diffuse gastric cancer; IHC, immunohistochemistry; LS, Lynch syndrome;MMR,mismatch repair; TNM, tumor nodemetastases; TREP, Tumori Rari in Età Pediatrica
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studies are needed to explore the distinct biology of tumor in this age group in order to find new

therapeutic targeted agents.
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1 INTRODUCTION

Gastrointestinal (GI) carcinomas are among the most common tumors

of adulthood.1–4 Colorectal carcinoma (CRC) is the fourth most com-

mon cancer worldwide,1 accounting for 8% of all new cancers in the

United States. In Italy, it is the third most common cancer, represent-

ing 13% of all new cancers.2 Gastric cancer is the fifth most frequently

diagnosed cancer and the third leading cause of cancer-related death

worldwide, with a higher incidence in Asian countries, South Amer-

ica, and Eastern Europe.3,4 GI carcinomas can occur as part of hered-

itary syndromes5 and may be associated, especially in young patients,

with Lynch syndrome (LS), familial adenomatous polyposis (FAP), other

forms of polyposis,6 and hereditary diffuse gastric cancer (HDGC)

syndrome.7

GI carcinomas are extremely rare in pediatric and adolescent age:

CRC accounts for <0.1% of new tumors in patients <15 years old8

and primary gastric adenocarcinoma for only 0.05% of all pediatric

GI malignancies.9 Over the past decades, considerable progress has

been made in the management of colorectal cancer, leading to a sig-

nificant improvement of overall survival. This has been attributed in

part to aggressive surgical approaches and in part to our understand-

ing of the disease’s molecular biology and emergence of newer molec-

ular targets.10 Such an improvement in survival has not been seen in

pediatric age. The rare cases occurring in children and adolescents

characteristically carry a poor prognosis, relatedmainly to late diagno-

sis and advanced stage at presentation, but also to biological aggres-

siveness (i.e., high-grade disease and poorly differentiated, signet ring

or mucinous adenocarcinoma histologies with a higher incidence of

microsatellite instability11).

There are relatively few reports in the literature on these tumors,

and pediatric oncologists and surgeons have little experience of man-

aging these patients. To offer clinical support for physicians encounter-

ing such uncommon cases, the Tumori Rari in Età Pediatrica (TREP, rare

tumors in pediatric age) project was set up in 2000 in Italy for the pur-

pose of collecting epidemiological data and developing diagnostic and

therapeutic guidelines for the management of rare pediatric tumors

(i.e., pediatric solid malignancies with an annual incidence <2/million),

so that pediatric oncologists and surgeons can cooperate with experts

in adult oncology in themanagement of such “orphan” diseases.12

This article reports the clinical details on a series of children and

adolescents with GI tract (colorectal, small bowel, stomach) carcino-

mas prospectively collected in the TREP database.

2 MATERIALS AND METHODS

Patients ≤18 years old diagnosed with GI tract carcinomas were

registered centrally as of September 1, 2000 by the TREPData Center

(Clinical Trials and Biostatistics Unit, Istituto Oncologico Veneto,

Padova, Italy) using dedicated forms to record epidemiological details,

clinical findings, diagnostic and therapeuticwork-up, and follow-up. All

patients, or their legal guardians, gave their informed consent to their

involvement in the TREP study.

Patients’ clinical details were reviewed for the present report. Def-

inition of family cancer history was intended according to Amster-

dam criteria and Bethesda Guidelines.13 Histological diagnoses were

obtained by one of the pathologists on the TREP panel and/or were

centrally confirmed by the panel. For histotyping and grading, refer-

ence was made to the World Health Organization Classification of

Tumors of the Digestive System (third edition for tumors diagnosed up

to 2010, and fourth edition for tumors diagnosed afterward). Disease

stagingwas done according to the tumor nodemetastases (TNM) stag-

ing system of the American Joint Committee on Cancer (AJCC), sixth

edition,14 based on the level of invasion of the primary tumor (mucosa,

submucosa, muscularis propria, serosa, or beyond) and the number of

nodes involved.

The number of patients enrolled in the TREP database was com-

pared with the number of cases of GI tract carcinoma expected to be

diagnosed in patients ≤18 years old in Italy according to the Asso-

ciazione Italiana Registro Tumori (AIRTum), the Italian network of

population-based cancer registries, which comprises 22 general reg-

istries and three specialist registries, and covers 33% of all Italian

children.15

3 DIAGNOSTIC AND THERAPEUTIC

GUIDELINES

The TREPdiagnostic guidelines recommend abdominal ultrasound and

gastro- or colonoscopy (with or without biopsy) as first-level investi-

gations. Patients with predisposing genetic syndromes also undergo

wireless capsule endoscopy.16 Disease staging requires computed

tomography of the chest and abdomen, and positron emission tomog-

raphy for the detection of metastases and disease recurrence. Plasma

levels of carcinoembryonic antigen and carbohydrate antigen 19.9 are

tested as markers of disease at diagnosis (especially for adenocarci-

noma), and are usually monitored to assess response to treatment in

metastatic patients, or for the early detection of recurrent disease.

The TREP project recommendations for the treatment of GI car-

cinomas in pediatric age are much the same as for adult cases.17

Surgery is considered themainstay of treatment for both localized and

advanced disease, and it has to be timely and radical (often involving

multivisceral resection and peritonectomy). Surgery is the only treat-

ment for early-stage tumors (i.e., TNM stages T1-2, N0, M0), but is

currently used in advanced-stage disease too, sometimes with a
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palliative intent (e.g., for colic or gastric bypass). For patients with

advanced-stage disease (AJCC stages III and IV), the TREP project

recommends systemic treatment with adjuvant chemotherapy based

on a combination of 5-fluorouracil and folinic acid with or without

oxaliplatin. Other drugs with a demonstrated efficacy in CRC in the

metastatic setting (e.g., capecitabine and irinotecan) and novel target

therapies (e.g., bevacizumab) have beenused at the treating physician’s

discretion.

Postoperative radiotherapy has a definite role in rectal cancer (par-

ticularly when combined with 5FU-based chemotherapy), but is not

standard for colon cancer, and is only used in some cases of gastric can-

cer. The TREP guidelines suggest surgical resection as the treatment

of choice for hepaticmetastases, although alternative local treatments

(radiofrequency ablation, cryoablation, and chemoembolization) may

be considered in selected cases.

4 RESULTS

Table 1 shows the clinical characteristics, treatments, and outcomes

of the patients collected in the present sample. Over the study period

(September 2000–September 2016), 15 patients seen at six pediatric

oncology centers were registered in the TREP database: most of them

(n= 12) had CRC, two had small bowel cancer, and one had gastric car-

cinoma. Five cases with CRC have been already included in a previous

report (single-institutional series from the IstitutoNazionale Tumori of

Milan).18 Based on the AIRTum data,19 the annual number of cases of

GI tract carcinomas to be expected in Italy in the population aged 0–

17 years is 1.75. The annual number of cases actually registered in the

TREP database was 0.93, giving a ratio of observed-to-expected cases

of 0.53.

Patients’ age at diagnosis ranged from 9 to 18 years, with a

median of 15 years. Two patients had a family history of colorec-

tal cancer. Moreover, three patients received immunohistochemistry

(IHC) for mismatch repair (MMR) proteins and molecular analysis for

microsatellite instability on tumor tissue. Two patients showed defec-

tive expression of MMR proteins (MSH2 negative expression) and

high microsatellite instability: one of them was tested for MMR genes

constitutive mutations (MLH1, MSH2, MSH6), resulting negative; the

other patient needed chemotherapy treatment to be started soon at

diagnosis, making the test not reliable while on treatment, and rapidly

progressed to death at the end of therapy. Patients presented with a

history of symptoms lasting from 1 to 12 months (median 1 month)

before their disease was diagnosed, and more than 3 months in five

cases. The most common symptoms were anemia and abdominal pain.

All patients with colorectal cancer had unifocal disease, without evi-

dence of polyps and adenomas: the site of disease was the right colon

in six cases, the transverse colon in one, the left colon in four, and the

rectum in one patient. Two patients had small bowel cancer and one

had a gastric tumor. The histological diagnoses were as follows: mod-

erately differentiated adenocarcinoma in three cases, poorly differen-

tiated adenocarcinoma in five cases, mucinous carcinoma in four cases,

and signet ring carcinoma in two cases. One patient with a gastric

tumor had a histological diagnosis ofmixed (dispersed cell and tubular)

adenocarcinoma. Six patients with CRC had AJCC stage II/III disease,

while the other patients of the present series had metastatic disease

(AJCC stage IV).

Thirteen patientsweremanaged surgically (nine of 13 patientswith

R0 surgery), one patient with CRC was treated with radiotherapy, and

the patient withmetastatic gastric adenocarcinoma had no local treat-

ment. All patients were given chemotherapy using various regimens

(one patient underwent neoadjuvant chemotherapy), and two CRC

patients were treated with a combination of chemotherapy and beva-

cizumab.

At the time of the present report, nine patients were still alive, six

of them with no evidence of disease, a mean 51.7 months (range 12–

129) since their diagnosis (while two of them had only just completed

their planned treatment and one of them is still on treatment). Six

patients experienced progressive disease, a mean 9.3 months (range

0–20) after completing their treatment, and died of their disease,

a mean 17 months (range 3–34) after diagnosis. Figure 1 shows 2-

year disease free survival (DFS) and overall survival (OS) of these

patients.

5 DISCUSSION

This report describes a prospective nationwide cooperative series of

GI tract carcinomas in thepediatric andadolescent age range. Themain

findings of this study confirm the rarity of these tumors, their usually

advanced stage at diagnosis, and their poor prognosis when treated

with the standard treatment commonly used in adult patients.

As shown in Supplementary Tables S1 and S2, this is the first

prospective Italian cooperative study on GI carcinomas. All the pre-

vious studies on GI tract carcinomas in young people in the last 30

years6,18,20–56 were retrospective single-institution series concerning

only a handful of cases seen over broad periods of time, and most of

them concerned patients ≤30 years of age. The only reports with a

more substantial body of data are those published by tumor registries

(e.g., Surveillance, Epidemiology and End Results). The main findings

emerging from these records are the features of this disease in pedi-

atric age (i.e., aggressive histology, advanced stage), the importance

of early diagnosis and radical surgery, and the overall poor prognosis

except for a slight better outcome for tumors arising in the context of

cancer predisposition syndromes.

Since GI carcinomas are so uncommon in pediatric age, a central-

ized case collection and a cooperative approach are needed in order

to develop practical guidelines for their diagnosis and treatment, and

to offer an advisory service for physicians encountering such patients

in their clinical practice. The TREP project is a cooperative network of

pediatric care centers and this study shows that national multicenter

prospective studies are feasible even for such rare diseases.

Based on the TREP guidelines, patients in the present series were

managed homogeneously according to shared procedures concerning

diagnosis, surgery, and other treatments. Patientmanagementwas the

result of a cooperation between pediatric oncologists and surgeons,

combinedwith the advice of adult oncologists and geneticists.
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TABLE 1 Patients’ characteristics

Patient, n
Sex, age
(years)

Family
history

Symptoms
(duration) Site Histology Local treatment Stage Therapy Outcome

1 Female,
12

Yes Anemia, weight
loss (5
months)

Left colon Poorly
differentiated
adenocarcinoma

Left hemicolectomy
R0

T3N2M0
stage IIIc

5FU-FA
for 12 cycles

Abdominal
progression at 14
months, DOD at 26
months

2 Male,
18

No Unknown Right colon
(ileocecal
valve)

Mucinous
adenocarcinoma

Right hemicolectomy
R0

T4N2M0
stage IIIc

OXA-Xeloda
for six cycles

Local relapse at 20
months, DOD at 34
months

3 Female,
13

No Anemia,
abdominal
mass (2
months)

Right colon Mucinous
adenocarcinoma

Palliative colic by-pass
and biopsy

R2

T4N2M1a
(peritoneal
carcinosis)
stage IV

CPT11-Xeloda
for four cycles

Abdominal
progression at 4
months, DOD at 10
months

4 Male,
13

No Pain (1month) Sigmoid colon Moderately
differentiated
adenocarcinoma

Left hemicolectomy
R2

T4N2M1a
(peritoneal
carcinosis)
stage IV

CPT11-OXA-Xeloda
for six cycles

Abdominal
progression at 6
months, DOD at 17
months

5 Male,
9

No Proctorrhagia,
anemia (12
months)

Sigmoid colon Mucinous
adenocarcinoma

Rectum-sigmoid
resection

R0

T3N0M0
stage IIa

FOLFOX
for 12 cycles

Alive without evidence
of disease 129
months after
diagnosis

6 Male,
15

No Anemia (1
month)

right colon Poorly
differentiated
adenocarcinoma

Right hemicolectomy
R0

pT3
pN2bM0
stage IIIb

FOLFOX
for 12 cycles

Alive without evidence
of disease 12
months after
diagnosis

7 Male,
16

No Intestinal
occlusion (1
month)

Transverse
colon

Signet ring
carcinomaG3

Hemicolectomy
R1

pT4 pN2bpM1a
(peritoneal
carcinosis)
stage IV

FOLFOX
for 12 cycles

Alive with no evidence
of disease (just
completed tumor
treatment)

8 Female,
15

Yes Proctorrhagia
(1month)

Rectum Poorly
differentiated
adenocarcinoma

Rectum resection
R0

pT3N1M0
stage IIIb

FOLFOX for 12
cycles
Radiotherapy

Alive without evidence
of disease 32
months after
diagnosis

9 Female,
15

No Pain, stipsis (6
months)

Left colon Poorly
differentiated
adenocarcinoma

Palliative colic bypass
and biopsy

R2

T4N2M1a
(peritoneal
carcinosis)
stage IV

FOLFIRI for 12
cycles

DOD at 12months

10 Female,
15

No Pain
(1month)

Right colon Poorly
differentiated
adenocarcinoma
(signet ring)

Right hemicolectomy
R0

T4N2M0
stage IIIc

FOLFOX
for 12 cycles

Alive without evidence
of disease 38
months after
diagnosis

11 Male,
15

No Pain, anemia,
fever (1
month)

Cecum, right
colon

AdenocarcinomaG2 Radiotherapy T2N1M1
(liver)
stage IV

FOLFOXIRI-
bevacizumab
for four cycles
and FOLFOXIRI
for two cycles

Alive with no evidence
of disease (just
completed tumor
treatment)

12 Female,
12

No Proctorrhagia,
weight loss,
abdominal
pain, anemia
(1month)

Right colon Poorly
differentiated
adenocarcinoma

Right hemicolectomy
R0 and extensive
lymphadenectomy

pT3N1M1
(liver)
stage IV

FOLFOXIRI for two
cycles as
preoperative
treatment

Too early to say
(patient still on
treatment)

13 Male,
17

Unknown Intussusception Small bowel Mucinous
adenocarcinoma

Ileal resection
R0

T3N1M0
stage IIIb

FOLFOX for 12
cycles

Alive without evidence
of disease 34
months after
diagnosis

14 Male,
17

No Anemia (11
month)

Small bowel AdenocarcinomaG2 Ileal resection
R0

pT3pN1pM0
stage IIIb

FOLFOX-
bevacizumab
for 12 cycles

Alive without evidence
of disease 65
months after
diagnosis

15 Female,
16

No Weight loss,
pain, anemia
supraclavear
mass (3
months)

Stomach Mixed (dispersed
cell and tubular)
adenocarcinoma
G3

biopsy pT1aN3M1
(extraregional
nodes, lung)
stage IV

EOC
for three cycles

DODbefore end of
treatment

5FU, 5’fluorouracil; CPT11, irinotecan; EOC, epirubicin-oxaliplatin-capecitabine; FA, folinic acid; FOLFOX, 5FU–FA–OXA; FOLFIRI, 5FU–FA–CPT11; FOL-
FOXIRI, 5FU–FA–OXA–CPT11; OXA, oxaliplatin.
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F IGURE 1 Two-year DFS andOS of patients in the present series

Despite the limited number of cases in our series (due to the rar-

ity of these tumors), some conclusions can be drawn about the clinical

historyofGI tract carcinomas inpediatric age. First, our series confirms

that these cancers are very rare in youngpeople.Over a studyperiodof

16 years (from 2000 to 2016), only 15 cases were collected in patients

≤18 years old, and none were less than 9 years old. Second, all the

patients in this series had advanced-stage disease (stages III–IV) with

aggressive biological features (poorly differentiated, mucinous, and

signet ring adenocarcinomas). The relatively high number of patients

still alive after disease diagnosis in this series is mainly due to the fact

that two of them had just completed their cancer treatment and one

patient was still on treatment at the time of the present report. As

seen in previous studies,35,38,42,44,49 patients with more extensive dis-

ease (stages IIIC–IV) usually had a worse prognosis, with early tumor

relapse or progression after treatment.

Thepoor prognosis forGI tract carcinomas in pediatric age is largely

related to thehigh incidenceof aggressivehistotypes, but other factors

contribute to this issue.57 For a start, there is the difficulty of arriving

at an early diagnosis of sporadic tumors in this time of life. This may

be partly because of the unspecific presenting symptoms of GI can-

cers, but also due to a scarce awareness of the possibility of these dis-

eases arising in pediatric age. At disease onset, the most common fea-

tures are similar to those reported in adult patients andmainly involve

local signs (changes in bowel habits, rectal tenesmus, reduction in stool

diameter, bleeding or increase in mucus, abdominal pain), or consti-

tutional symptoms (weight loss). Advanced cases may present with

intestinal obstruction. Iron-deficiency anemia might be the present-

ing sign in cases of chronic occult bleeding. Patients diagnosed with

genetic syndromes that predispose them to GI malignancy undergo

routine endoscopic screening starting from around the age of 10–14

years.16,58,59

Another feature with a potentially negative influence on survival

in children and adolescents might be pediatric specialists’ scant expe-

rience of managing GI cancer. This is certainly not easy to demon-

strate or quantify, but various studies in the adult setting have shown

that patients who receive appropriate surgical treatment have a bet-

ter prognosis than patients who do not,45 and suggested that patient

outcomes are influenced by the experience of treating centers.

One might speculate that GI carcinomas developing in pediatric

age have a different pathogenesis and more aggressive biological

features, and this would explain the disease’s rapid dissemination even

in the absence of symptoms. Looking at the model of adult colorectal

carcinogenesis, cell transformation is the result of a slow, multistep

process comprising a large number of genetic changes that jointly

contribute to the acquisition of an invasive phenotype.60 Gastric car-

cinoma also derives from exposure to various environmental factors,

such as Helicobacter pylori infection, smoking, heavy alcohol drinking,

and other dietary factors.61 The epithelial transformation process in

pediatric age can hardly have the same time dependence (age-related

cell degeneration), or association with environmental exposure to car-

cinogens, and this makes us wonder how it can happen in the absence

of predisposing syndromes. Young age at the onset of malignancy is

frequently associated with specific mutations of genes involved in cell

transformation and proliferation (e.g., mutation of the adenomatous

polyposis coli gene related to FAP; pathogenic variants inMMR genes,

related to LS; germline mutations in CDH1 [E-cadherin] predisposing

to HDGC). Such patients are managed with genetic counseling, inten-

sive surveillance from an early age to arrive at a prompt diagnosis.

Prophylactic colectomy is recommended to prevent the early onset of

CRC in FAP patients.62–64 Laparoscopic approach has been reported

to have acceptable short- and long-term postsurgical and oncological

outcomes: for adolescents this can support the decision making for

prophylactic surgery in FAP patients reducing the risk of cancer.65 In

LS, usually a segmental resection is performed, and the genetic muta-

tion is identified after the primary surgery. In LS, the risk of developing

a second CRC after segmental resection for primary CRC has been

reported to be approximately 16% at 10 years follow-up despite close

surveillance.66 In view of this risk, more extensive treatment of the

primary CRCmight be considered, especially in young patients.

In the present series, only two patients had a family history of CRC,

and none of them had been diagnosed with a hereditary syndrome. An

important limitation of our report concerns the lack of immunohisto-

chemical and molecular analyses conducted on tumor tissues. A fur-

ther study is underway in cooperation with geneticists, pathologists,

and adult oncologists to apply molecular sequencing to examine the

tumor tissues of all the patients included in the present series and com-

pare themwith the features seen in adult cases.

In the future TREP recommendations, molecular analysis of tumor

tissue (bymeans of IHC forMMRgeneproteins, analysis ofmicro satel-

lite instability (MSI) status, and potentially next-generation sequenc-

ing techniques) and determination of peculiar hallmarks (e.g., Epstein

Barr virus and H. pylori expression in gastric cancer), together with

screening for cancer predisposition syndromes, will be considered

(also through multigene panel testing) in order to better characterize
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disease features in this subset of patients and possibly guide the choice

for more tailored treatments.

To sum up, this is the first national cooperative prospective study

on GI tract carcinomas occurring in pediatric and adolescent age. Our

results confirm the rarity and biological aggressiveness of this dis-

ease in this age group, which often carries a very poor prognosis. Rad-

ical surgery is the mainstay of treatment and is usually feasible in

cases of limited disease,whichmeans that early diagnosis is fundamen-

tally important. The treatment of these cancers in pediatric age is still

largely extrapolated from experience with adults and suspected cases

should be referred to oncology centers with links to experts dedicated

to the management of this disease in adults. In the last years, a grow-

ing knowledge of the molecular changes that occur in the adult dis-

ease has enabled the development of specific targeted therapies for

use in combination with chemotherapy to gain a better disease con-

trol rate. Characterizing the corresponding molecular changes in the

pediatric disease with the aid of IHC, specific molecular analyses, and

next-generation sequencing techniques, together with the detailed

study of family histories and any further genetic insights, will help to

broaden our understanding of this disease and hopefully lead to new

therapeutic options in this setting. Finally, our nationwide experience

highlights the need of broad-based international prospective coop-

eration. Together with other groups, the TREP project have founded

the European Cooperative Study Group for Pediatric Rare Tumors

(EXPeRT), with the primary aim of promoting international clinical and

biological research on very rare pediatric tumors.67 After its foun-

dation, EXPeRT has been able to find support to its activities in two

projects funded by the European Union, that is, the European Expert

PediatricOncology ReferenceNetwork forDiagnostics and Treatment

(ExPO-r-Net)68 and the Joint Actions on Rare Cancers (JARC).
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