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Abstract 

Purpose To investigate the clinical features and survival outcomes of primary gastrointestinal non-Hodgkin lympho-
mas (PGINHL) in pediatric and adolescent population, we conducted a population-based cohort study.

Methods All pediatric and adolescent patients with PGINHL diagnosed between 2000 and 2019 were identified 
using the Surveillance, Epidemiology, and End Results (SEER) database. Kaplane-Meier estimations were used to gen-
erate survival curves based on various criteria. To compare survival curves, the log-rank test was applied. A multivari-
ate Cox proportional hazards model was developed to investigate the effect of each component on overall survival.

Results A total of 334 pediatric and adolescent with PGINHL patients were identified. The median age at diag-
nosis was 12 years (range 1.0–19 years). Tumors were most commonly found in the small bowel (47.3%), followed 
by the large bowel (42.8%) and the stomach (9.9%). Overall, the most common histological subtype was Burkitt lym-
phoma (56.9%), followed by diffuse large B-cell lymphoma (DLBCL) (27.8%). Overall survival rates for all patients were 
92.2% at 5- year and 91.6% at 10- year, respectively. The Cox proportional hazard regression revealed that only chemo-
therapy was an important independent predictor in this model. Patients with chemotherapy have a higher survival 
rate than those without.

Conclusions Our study revealed that only chemotherapy was found to be the most important predictor of the OS 
in pediatric and adolescent PGINHL, providing critical information for therapeutic care.
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Introduction
Primary gastrointestinal system tumors are uncommon 
in children and adolescents. Compared with colorectal 
and gastric carcinomas in adults, gastrointestinal lym-
phomas are the most prevalent primary malignancies 
of the gastrointestinal tract in children and are mostly 
non-Hodgkin lymphomas (NHL) [1]. Non-Hodgkin lym-
phoma (NHL) accounts for about 7–12% of all pediatric 
cancers, and a third of NHL cases are predominantly 
caused by extranodal areas [2]. In addition, pediatric 
and adolescent primary gastrointestinal NHL (PGINHL) 
occurs more frequently in the ileocecal region than in the 
stomach, in contrast to adult PGINHL [3].

Because of the lower overall prevalence of pediatric 
and adolescent PGINHL patients, most retrospective 
and observational studies have a fairly small number 
of participants, making it difficult to draw firm conclu-
sions [4, 5]. Therefore, it is critical to investigate the fac-
tors impacting survival rates in pediatric and adolescent 
PGINHL separately. The Surveillance, Epidemiology, and 
End Results (SEER) database was used to investigate all 
pediatric and adolescent PGINHL diagnosed between 
2000 and 2019. Furthermore, we compared survival rates 
to explore the impact of surgery and chemotherapy.

Methods
Study population
The current population-based analysis was derived from 
the National Cancer Institute’s (NCI) Surveillance, Epi-
demiology, and End Results (SEER) program (www. seer. 
cancer. gov). The data for the study were extracted from 
the SEER 18 registries database using the Surveillance 
Research Program, National Cancer Institute SEER*STAT 
software version 8.4.1, which was used to search for cases 
of pediatric and adolescent PGINHL using the Interna-
tional Classification of Diseases for Oncology (ICD-O-3) 
(9687/3: Burkitt lymphoma, 9680/3: Diffuse large B-cell 
lymphoma (DLBCL), and 9591/3: Non-Hodgkin lym-
phoma, NOS). The study only included pediatric and 
adolescent PGINHL cases diagnosed between 2000 and 
2019. Informed consent or an ethical review were not 
necessary because the patients’ private information could 
not be recognized in our study.

The database was used to collect information about the 
patient’s age at diagnosis, gender, race, tumor histology, 
primary site, SEER stage, chemotherapy, surgery, survival 
status, and survival months. The SEER Summary stage 
categorization was completed in accordance with the 
2018 SEER Summary Stage Coding Instructions. The age 
at diagnosis was divided into two categories: 10-year-old 
or younger and older than 10-year-old. The races were 
classified into three groups: white, black, and others. 

Primary sites include the small bowel, large bowel, and 
stomach. There are four types of varied treatment: no 
treatment, surgery alone, chemotherapy alone, and sur-
gery plus chemotherapy. The primary outcome measure 
was overall survival (OS). The survival period was com-
puted from the date of diagnosis to the most recent fol-
low-up date, or until death.

Statistical analysis
SPSS software (version 22.0, SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. The Kolmogorov–
Smirnov test was employed to assess the distribution’s 
normality. For data that was normally distributed, the 
Student’s t test was applied. For the purpose of compar-
ing non-normal data distributions, the Kruskal–Wallis 
test was used. Categorical variables were compared using 
the Chi-square test. The 5- and 10-year overall survival 
rates, computed by the Kaplan–Meier method, were 
examined using the log-rank procedure. The statistical 
significance was determined using a two-tailed P-value of 
0.05.

Results
Patient characteristics
A total of 334 qualifying instances of PGINHL in pedi-
atric or adolescent patients were identified. The median 
age at diagnosis was 12 years (range 1.0–19 years). Of the 
334 patients, 146 (43.7%) and 188 (56.3%) were 10 years 
or younger and older than 10  years, respectively. The 
tumors primarily affected whites and males (79.6% and 
78.7%, respectively). Overall, Burkitt lymphoma (56.9%) 
was the most prevalent histological subtype, followed by 
diffuse large B-cell lymphoma (DLBCL) (27.8%). Tumors 
were most commonly found in the small bowel (47.3%), 
followed by the large bowel (42.8%) and the stomach 
(9.9%). Patients in our study most frequently had local-
ized (41.9%) and regional disease (36.2%), and most 
of them received surgery (71.0%) and chemotherapy 
(88.3%). Furthermore, surgery plus chemotherapy was 
the most widely employed treatment strategy (66.5%).

Table 1 contains a list of the 334 patients with PGINHL 
from diverse origins. White (82.2%), young children 
(0–10  years old) (48.7%), DLBCL (30.4%), and surgery 
(81.6%) had the highest percentages in small bowel ori-
gins. Additionally, PGINHL of large bowel origins had 
the largest proportions in male (83.9%), Burkitt (65.7%), 
and chemotherapy (95.8%), whereas the proportion of 
no treatment (2.1%) and surgery alone (2.1%) was the 
lowest. In comparison to small and large bowel origins, 
stomach origins had the lowest proportion of chemother-
apy (54.5%) but the largest percentage of distant stage 
(42.5%), and no treatment (42.5%).

http://www.seer.cancer.gov
http://www.seer.cancer.gov
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Survival and prognosis analysis
Overall 5-year and 10-year survival rates for all patients 
were 92.2% and 91.6%, respectively. By gender, race, and 
age at diagnosis, there were no significant differences in 
the 5-year overall survival rates (P = 0.376, P = 0.607, and 
P = 0.261, respectively) (Table  2) (Fig.  1A, 1B, and 1C). 
Also, there was no statistically significant difference in 
the overall survival by tumor histology or SEER stage for 
all patients (P = 0.477, P = 0.277, respectively) (Table  2) 
(Fig.  2A, 2B). By location, the overall survival rates of 
children with small and large bowel origin NHL were 
similar and significantly better than those of patients 
with stomach origin NHL (P = 0.041) (Table 2) (Fig. 2C). 
There was no significant difference in survival between 
those who had surgery and those who did not (P = 0.399) 
(Fig. 3A). In order to study the role of surgery in localized 

disease, we performed a subgroup analyses and found 
no significant difference in the survival for all localized 
patients (P = 0.458). By examining the survival curve, we 
found that patients who received chemotherapy had a 
significantly higher chance of survival than those who did 
not (P < 0.001) (Fig.  3B). Chemotherapy-based regimens 
outperformed other regimens in terms of survival rates 
(P = 0.001) (Fig. 3C).

Table 3 displays the findings from a Cox proportional 
hazards model analysis involving 334 patients with 
PGINHL. In this model, only chemotherapy was an 
important independent predictor of OS, according to the 
results of Cox proportional hazard regression. Patients 
who did not receive chemotherapy had a higher chance 
of death (hazard ratio (HR) 4.74, 95% confidence inter-
val (CI), 1.55–14.5; P = 0.006). The risk of death from 

Table 1 Basic characteristics of patients stratified by tumor site

Features Small bowel Large bowel Stomach All

N % N % N % N %

All 158 47.3 143 42.8 33 9.9 334 100

Gender

 Male 125 79.1 120 83.9 18 54.5 263 78.7

 Female 33 20.9 23 16.1 15 45.5 71 21.3

Age at diagnosis (years)

  ≤ 10 77 48.7 61 42.7 8 24.3 146 43.7

  > 10 81 51.3 82 57.3 25 75.7 188 56.3

Ethnicity

 White 130 82.2 113 79.0 23 69.7 266 79.6

 Black 15 9.5 16 11.2 3 9.1 34 10.2

 Others 13 8.3 14 9.8 7 21.2 34 10.2

Tumor histology

 Burkitt 87 55.1 94 65.7 9 27.3 190 56.9

 DLBCL 48 30.4 36 25.2 9 27.3 93 27.8

 Others 23 14.5 13 9.1 15 45.4 51 15.3

SEER Stage

 Localized 66 41.8 60 42.0 14 42.4 140 41.9

 Regional 61 38.6 55 38.5 5 15.1 121 36.2

 Distant 31 19.6 28 19.5 14 42.5 73 21.9

Surgery

 Yes 129 81.6 106 74.1 2 6.0 237 71.0

 No 29 18.4 37 25.9 31 94.0 97 29.0

Chemotherapy

 Yes 140 88.6 137 95.8 18 54.5 295 88.3

 No 18 11.4 6 4.2 15 45.5 39 11.7

Treatment regimens

 No treatment 7 4.3 3 2.1 14 42.5 24 7.2

 Chemotherapy alone 22 14.0 34 23.8 17 51.5 73 21.8

 Surgery alone 11 7.0 3 2.1 1 3.0 15 4.5

 Chemotherapy + surgery 118 74.7 103 72.0 1 3.0 222 66.5
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stomach-originating NHL was not significantly higher 
than that from intestinal-originating NHL (HR, 0.68; 95% 
CI, 0.17–2.68; P = 0.580).

Discussion
Primary gastrointestinal lymphomas (PGL) account for 
the majority of gastrointestinal extranodal lymphomas in 
adults, with intestinal lymphomas ranking second [6, 7]. 
In contrast, the intestine is the most commonly afflicted 
site in children and adolescents, whereas the stomach 
accounts for only 10% of gastrointestinal lymphomas [8]. 

It is well known that stomach lymphoma is largely an 
adult illness, peaking in incidence between the sixth and 
seventh decades of life [7]. DLBCL is more common in 
adults, whereas Burkitt lymphoma is the most common 
histological type in children and adolescents. Addition-
ally, a higher percentage of the pediatric group under-
went surgical resection than that of the adult group.

In this study, we presented one of the largest datasets 
to explore the role of surgical resection and chemother-
apy treatment in pediatric and adolescent PGINHL. Our 
research verified what had already been documented, 
namely that Burkitt lymphoma was the primary histolog-
ical subtype of these tumors and that most of them were 
found in the small bowel. Although boys are more likely 
than girls to develop malignancies, our research found no 
difference in survival rates between the genders. Except 
for stomach NHL, which appears with distant disease in 
42.5% of cases, most of these tumors develop at the loco-
regional stage. However, no significant survival difference 
was found between localized and distant stages. Tumor 
location was found to be a reliable predictor of survival 
in the univariate analysis. However, primary sites had no 
significant relationship with survival in the multivariate 
model. We also found no significant difference in survival 
between those who had surgery and those who did not, 
which is in line with earlier published reports on pediat-
ric and adolescent PGINHL [9].

Over the years, the role of surgery in the treatment of 
pediatric abdominal lymphoma has changed substan-
tially. Historically, the majority of PGL treatment was 
surgical excision, followed by postoperative chemo-
therapy. Series from the early 1990s indicated the sur-
vival advantage of near-complete excision of the original 
tumor in patients with abdominal lymphoma [10–12]. 
Due to improved treatment protocols, debulking surgery 
is no longer advocated, and surgical resection is now only 
recommended for localized disease, or individuals pre-
senting with intestinal obstruction [13, 14]. However, it 
was discovered after the 1990s that rigorous chemother-
apy alone was successful for high-grade stomach lym-
phoma [15]. The outcome for advanced stage patients 
without major surgical resection has improved with cur-
rent treatment methods [16]. Chemotherapy was found 
to be the most effective intervention in our study for 
increasing survival. 91.5% of individuals with PGINHL 
underwent chemotherapy. The absence of chemotherapy 
has become the most significant factor influencing sur-
vival. The chemotherapy group had a 5-year and 10-year 
OS of 94% and 93.4%, respectively, which was consider-
ably greater than the no-chemotherapy group (78.4% for 
both the 5-year and 10-year OS). Furthermore, the Cox 
proportional hazard regression demonstrated that only 
chemotherapy considerably reduced the chance of death.

Table 2 5- and 10-year survival for entire cohort and by 
subgroup

Feature 5-Year OS 
(standard 
error) (%)

10-Year OS 
(standard 
error) (%)

p

Overall 92.2 (1.5) 91.6 (1.6)

Gender 0.376

 Male 91.7 (1.8) 91.0 (1.9)

 Female 94.0 (2.9) 94.0 (2.9)

Race 0 .607

 White 92.4 (1.7) 91.7 (1.8)

 Black 96.8 (3.2) 96.8 (3.2)

 Others 84.3 (7.3) 84.3 (7.3)

Age at diagnosis 0.261

  ≤ 10-year-old 94.6 (2.0) 90.9 (3.3)

  > 10-year-old 90.4 (2.2) 89.1 (2.5)

Primary sites 0.041

 Small bowel 91.1 (2.4) 91.1 (2.4)

 Large bowel 95.9 (1.8) 94.5 (2.3)

 Stomach 81.3 (6.9) 81.3 (6.9)

Tumor histology 0.477

 Burkitt 93.1 (1.9) 93.1 (1.9)

 DLBCL 93.3 (2.6) 91.0 (3.4)

 Others 86.6 (5.2) 86.6 (5.2)

SEER stage 0.277

 Localized 94.9 (2.0) 93.5 (2.4)

 Regional 93.1 (2.4) 93.1 (2.4)

 Distant 86.3 (4.3) 86.3 (4.3)

Surgery 0.399

 Yes 93.1 (1.7) 93.1 (1.7)

 No 90.1 (3.1) 87.7 (3.8)

Chemotherapy  < 0.001

 Yes 94.0 (1.5) 93.4 (1.6)

 No 78.4 (6.8) 78.4 (6.8)

Treatment regimens 0.001

 Chemotherapy alone 94.3 (2.8) 91.2 (4.0)

 Surgery alone 80.0 (10) 80.0 (10)

 Chemotherapy + sur-
gery

94.0 (1.7) 94.0 (1.7)
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Fig. 1 Kaplan–Meier analysis of OS among children with PGINHL, when stratified by gender, race, and age at diagnosis. A Female vs. male, P = 0.376. 
B White vs. Black vs. others, P = 0.607. C ≤ 10-year-old vs. > 10-year-old, P = 0.261 

Fig. 2 Kaplan–Meier analysis of OS among children with PGINHL, when stratified by tumor histology, SEER stage and primary sites. A Burkitt vs. 
DLBCL and Others, P = 0.477. B Distant vs. Localized and Regional, P = 0.277. C Stomach vs. Small bowel and Large bowel, P = 0.041 
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The current study has a number of potential limita-
tions that should be considered. Firstly, a lot of specific 
clinical data was not documented, including diagnos-
tic techniques, chemotherapy regimens, and immu-
notherapy. Secondly, although data on the receipt of 
surgery was available, information about about the 
types of surgery (biopsy or tumor resection) was not 

available. Finally, the patients in the SEER database are 
mostly white or black, which may limit the conclusion’s 
application to children of other races. A future study is 
therefore necessary to confirm the findings.

In conclusion, we used a population-based dataset to 
evaluate the clinical features and prognosis of pediat-
ric and adolescent PGINHL. Chemotherapy was dis-
covered to be the most important predictor of survival. 
Our findings showed no advantage of surgical resec-
tion, reiterating the importance of chemotherapy as the 
main treatment methods.

Acknowledgements
None.

Authors’ contributions
Peng Wu. MD. Conception and design of study, acquisition of data, revising 
the manuscript. Dongsheng Zhu. MD. Conception and design of study, acqui-
sition of data, Drafting the manuscript. Yi Lou. MD. Conception and design of 
study, acquisition of data, analysis and/or interpretation of data, Drafting the 
manuscript. Xinxin Wang. MD. Conception and design of study, acquisition of 
data, revising the manuscript. All authors read and approved the final manu-
script as submitted.

Funding
None.

Availability of data and materials
The dataset used and analyzed during the current study are available from the 
corresponding author on reasonable request.

Fig. 3 Kaplan–Meier analysis of OS among children with PGINHL, when stratified by surgery, chemotherapy, and different treatment regimens. 
A Surgery vs. No surgery, P = 0.399. B Chemotherapy vs. No chemotherapy, P < 0.001. C Chemotherapy plus surgery and chemotherapy alone 
significantly improved the OS rate, P = 0.001

Table 3 Cox proportional hazards multivariable regression for 
children and adolescents with primary gastrointestinal Non-
Hodgkin lymphomas

Variables Hazard ratio (95% CI) P

Primary sites

 Small bowel 0.68 (0.17–2.68) 0.580

 Large bowel 0.38 (0.09–1.63) 0.195

 Stomach Reference

Chemotherapy

 No 4.74 (1.55–14.5) 0.006

 Yes Reference

Treatment regimens

 Chemotherapy + surgery 0.67 (0.36–0.95) 0.031

 Chemotherapy alone 0.54 (0.26–0.82) 0.039

 Surgery alone Reference



Page 7 of 7Wu et al. World Journal of Surgical Oncology          (2023) 21:353  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
None.

Consent for publication
None.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Pediatric Surgery, Northwest Women’s and Children’s Hospital, 
Xi’an, Shaanxi, China. 2 Department of Pediatric Surgery, The First People’s 
Hospital of Lianyungang, Haizhou District, Lianyungang, People’s Republic 
of China. 3 Department of Pediatric Surgery, Hangzhou Children’s Hospital, 
Hangzhou, Zhejiang, China. 4 Department of Radiation Oncology, The Third 
Hospital of Nanchang, Nanchang 330025, Jiangxi, China. 

Received: 31 July 2023   Accepted: 9 November 2023

References
 1. Ladd AP, Grosfeld JL. Gastrointestinal tumors in children and adolescents. 

Semin Pediatr Surg. 2006;15(1):37–47.
 2. Chung EM, Pavio M. Pediatric extranodal lymphoma. Radiol Clin North 

Am. 2016;54(4):727–46.
 3. Naeem B, Ayub A. Primary Pediatric Non-Hodgkin Lymphomas of the 

Gastrointestinal Tract: A Population-based Analysis. Anticancer Res. 
2019;39(11):6413–6.

 4. Kurucu N, Akyüz C, Yalçın B, et al. Primary gastric lymphoma: A report of 
16 pediatric cases treated at a single institute and review of the literature. 
Pediatr Hematol Oncol. 2020;37(8):656–64.

 5. Gupta G, Agarwala S, Thulkar S, et al. Jejunal stricture: a rare complica-
tion of chemotherapy in pediatric gastrointestinal B-cell non-Hodgkin 
lymphoma. J Pediatr Hematol Oncol. 2011;33(2):e69-71.

 6. Ferrucci PF, Zucca E. Primary gastric lymphoma pathogenesis and 
treatment: what has changed over the past 10 years. Br J Hematol. 
2007;136(4):521–38.

 7. Shannon EM, MacQueen IT, Miller JM, et al. Management of primary 
gastrointestinal lymphomas: a population based survival analysis. J 
Gastrointest Surg. 2016;20(6):1141–9.

 8. Kassira N, Pedroso FE, Cheung MC, et al. Primary gastrointestinal tract 
lymphoma in the pediatric patient: review of 265 patients from the SEER 
registry. J Pediatr Surg. 2011;46(10):1956–64.

 9. Morsi A, Abd El-Ghani Ael-G, El-Shafiey M, et al. Clinico-pathological 
features and outcome of management of pediatric gastrointestinal 
lymphoma. J Egypt Natl Canc Inst. 2005;17(4):251–9.

 10. Fleming ID, Turk PS, Murphy SB, et al. Surgical implications of primary 
gastrointestinal lymphoma of childhood. Arch Surg. 1990;125(2):252–6.

 11. LaQuaglia MP, Stolar CJ, Krailo M, et al. The role of surgery in abdominal 
non-Hodgkin’s lymphoma: experience from the Childrens Cancer Study 
Group. J Pediatr Surg. 1992;27(2):230–5.

 12. Stovroff MC, Coran AG, Hutchinson RJ. The role of surgery in American 
Burkitt’s lymphoma in children. J Pediatr Surg. 1991;26(10):1235–8.

 13. Shamberger RC, Weinstein HJ. The role of surgery in abdominal Burkitt’s 
lymphoma. J Pediatr Surg. 1992;27(2):236–40.

 14. Ternberg JL. Changing role of surgery in childhood lymphomas. Semin 
Surg Oncol. 1993;9(6):541–4.

 15. Ikoma N, Badgwell BD, Mansfield PF. Multimodality treatment of gastric 
lymphoma. Surg Clin North Am. 2017;97(2):405–20.

 16. Patte C, Auperin A, Gerrard M, et al. Results of the randomized inter-
national FAB/LMB96 trial for intermediate risk B-cell non-Hodgkin 
lymphoma in children and adolescents: it is possible to reduce treatment 
for the early responding patients. Blood. 2007;109(7):2773–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Clinical characteristics and prognostic factors for primary pediatric and adolescent Non-Hodgkin Lymphomas of the gastrointestinal tract: a population-based study
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Statistical analysis

	Results
	Patient characteristics
	Survival and prognosis analysis

	Discussion
	Acknowledgements
	References


