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Purpose: This study aimed to analyze the clinical features and survival of primary small intestinal diffuse large B-cell lymphoma 
(PsI-DLBCL), and establish and independently validate a prognostic nomogram for individual risk prediction.
Patients and methods: Data for 24 patients from the Renmin Hospital of Wuhan University were used as an independent validation 
cohort, data for 1144 patients with PsI-DLBCL from the SEER database were randomly assigned to training (N=817) and internal 
validation (N=327) sets. The survival nomogram was constructed with the most significant factors associated with OS using Univariate 
and multivariate analyses on the training set. Decision curve analysis (DCA) was conducted. Internal validation was SEER validation 
set. Our cancer center cohort was used as an external validation set to further verify the survival nomogram.
Results: Five clinicopathological feature factors associated with OS of the training set yielded (age, marital status, Ann Arbor stage, 
surgery for primary site and chemotherapy), which were used to create a survival nomogram. Additionally, the calibration curves of 
the prognostic nomogram revealed good agreement between the predicted survival probabilities and the ground truth values. The 
stability of our survival nomogram was explained by internal and external validation data.
Conclusion: Our nomogram proposes the clinical and therapeutic factors affecting OS for patients with PsI-DLBCL. It shows that 
chemotherapy and surgery are beneficial to patients in the choice of treatment options. These results suggest that a survival nomogram 
may be better at predicting OS for PsI-DLBCL patients.
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Introduction
Diffuse large B-cell lymphoma (DLBCL) is an aggressive B-cell lymphoma and the most common pathological type in 
non-Hodgkin’s lymphoma (NHL).1,2 According to the different primary sites, it can be divided into intranodal diffuse 
large B-cell lymphoma (N-DLBCL) and extra nodal diffuse large B-cell lymphoma (EN-DLBCL). EN-DLBCL is worse 
than N-DLBCL because the two subcategories had different biological characteristics and prognosis.3 While primary 
gastrointestinal diffuse large B-cell lymphoma (PGI-DLBCL) is the most common of EN-DLBCL (34%).4 In China, the 
main site of PGI-DLBCL is the stomach, followed by the small intestine, with non-specific clinical manifestations, which 
are prone to misdiagnosis and missed diagnosis.5 Most previous studies5–7 focused on primary gastric DLBCL(PG- 
DLBCL)/ intestinal DLBCL(PI-DLBCL), or all PGI-DLBCL. Few studies had separately investigated the potential 
prognostic variables in patients with primary small intestine DLBCL(PsI-DLBCL). Furthermore, patients with primary 
small intestine DLBCL have been found to have a poor outcome compared with those with lymphoma in other regions of 
the gastrointestinal tract. The small intestine is located in the middle of the digestive tract different from primary stomach 
and colorectal DLBCL, which is difficult to reach by gastroscopy or colonoscopy. In addition, clinical complications of 
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perforation and obstruction are more common and critical, severe complications in PGI-DLBCL can lead to delaying and 
complicating therapy, decreasing the quality of life, and even mortality. At present, there are no standard guidelines for 
the treatment of primary small intestinal DLBCL at home and abroad. Therefore, we need to improve the understanding 
of clinical features and prognosis factors of patients with primary small intestinal DLBCL.

At present, evidence-based medicine is lacking due to the low incidence of PsI-DLBCL. Treatment regimen and 
prognosis of the patients are still controversial in current studies.8,9 Only retrospective studies with small sample sizes are 
available. There is no prognostic evaluation system for PGI-DLBCL alone. International Prognostic Index (IPI) score does 
not distinguish between different outcomes in patients with PGI-DLBCL. The Surveillance, Epidemiology, and End Results 
(SEER) database can provide the largest sample size of patients with PsI-DLBCL. At the same time, our cancer center has 
also collected cases of this type to provide more evidence-based medical evidence. In our study, we initially used the SEER 
database to identify clinical features correlating with overall survival (OS) and thus created a survival nomogram. Then, we 
independently validated the survival nomogram in the cohort from our cancer center. Moreover, a survival nomogram could 
help clinicians select treatments and determine the prognosis of this disease by predicting 1-year, 3-year or 5-year survival. 
Therefore, primary small intestinal DLBCL patients may have better treatment options and a relatively low mortality rate.

Methods
Patient Selection
This study included 1144 cases of PsI-DLBCL from the SEER database and 24 patients from our hospital cohort. 
Histological diagnosis was confirmed in SEER cases between January 2004 and December 2016. The exclusion criteria 
were as follows: multiple tumors (first malignant primary indicator), patients younger than 18 years old, deaths that were 
not tumor-related (SEER “other cause of death” classification). For the validation using our dataset, 24 cases were 
diagnosed with PsI-DLBCL from January 2014 to February 2021 in our center were enrolled (Supplementary Table 1). 
The inclusion criteria were defined as follows: histologically proven DLBCL. The primary site is the small intestine.10 

The exclusion criteria were defined as follows: a lack of a pathological diagnosis, no treatment, infected with human 
immunodeficiency virus, younger than 18 years; This retrospective research was approved by the Medical Ethics 
Committee of Renmin Hospital of Wuhan University and conducted in accordance with the Declaration of Helsinki.

Specific clinical features, therapeutic regimens, and survival outcomes were collected and analyzed, they were 
randomly assigned to the training set and internal validation set (SEER) according to the ratio 7:3. The patients in our 
hospital were used as an external validation set. The clinicopathological variables consisted of age at diagnosis, gender, 
race, insurance, marital status, surgery for primary site, radiation, chemotherapy, and OS time.

Statistical Analysis
Statistical analyses were performed using SPSS software (version 21.0) for Windows (SPSS Inc., Chicago, IL), 
R software (version 3.3.0) (http://www.r-project.org/). The differences in clinical parameters among the training and 
validation sets were compared with χ2 test or Fisher’s exact for categorical variables, or one-way ANOVA for continuous 
variables. P-values< 0.05 at both sides were considered statistically significant. Cumulative survival rates were estimated 
using the Kaplan-Meier method and compared using the Log rank test. The survival nomogram was constructed with the 
most significant factors associated with OS using Univariate and multivariate analyses on the training set. Then, 
calibration curves were generated for the comparison between the actual outcomes and nomogram-predicted survival 
outcomes. Finally, decision curve analysis (DCA) was conducted by measuring the net benefits for a group of threshold 
probabilities to measure clinical utility.11

Results
Baseline Characteristics of Patients
Demographics for patients with PsI-DLBCL in three sets are shown in Table 1. Twenty-four patients who were diagnosed with 
PsI-DLBCL from January 2014 to February 2021 in our cancer center were enrolled. A total of 10 clinical parameters were 
included in the SEER data and our hospital. There were differences of race, marital status at diagnosis, Ann Arbor stage and 
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Radiotherapy among the training and validation sets. However, we found no significant statistical difference in OS (median 
survival: 28.0 vs 26.0 vs 39.5 months, P=0.182) among the three sets. Our cancer center had lower All-cause mortality than 
SEER (29.2 vs 47.2 vs 44.3%, P=0.165), however, there was no statistical difference. Univariate and multivariate analyses of 
factors associated with OS in training set showed that (age, marital status, Ann Arbor stage, surgery for primary site, 
chemotherapy) had statistical significance for prognosis, with P value <0.05 (Table 2).

The Survival Nomogram
Among them, five parameters (age, marital status stage, Ann Arbor stage, surgery for primary site, chemotherapy) were 
identified as independent prognostic factors by Univariate and multivariate analyses, Hence, based on these five 
significant variables, a survival nomogram was created to predict 1-year, 3-year and 5-year survival rates of PsI- 
DLBCL patients (Figure 1). Then, DCA in the training set showed that if the threshold probability is over 0.5, the 
survival nomogram for prognostic prediction adds more benefit than treating either all or no patients, indicating that our 
survival nomogram was clinically useful. (Figure 2A)

Table 1 Clinical Features of All Primary Small Intestinal Diffuse Large B-Cell Lymphoma

Characteristics Training Set Internal Validation Set External Validation Set P value

N 817 327 24 –
Year of diagnosis, n (%) <0.001

2004–2009 419 (51.3) 156 (47.7) 0 (0.0)

2010–2016 398 (48.7) 171 (52.3) 7 (29.2)
2017–2021 0 (0.0) 0 (0.0) 17 (70.8)

Age (years) 64.5±16.3 65.9±16.4 60.3±14.1 0.165

≥60 528 (64.6) 216 (66.1) 13 (54.2)
<60 289 (35.4) 111 (33.9) 11 (45.8)

Sex, male, n (%) 509 (62.3) 204 (62.4) 14 (58.3) 0.923
Race, n (%) <0.001

White 675 (82.6) 283 (86.5) 0 (0.0)

Black 42 (5.1) 17 (5.2) 0 (0.0)
Others 100 (12.2) 27 (8.3) 24 (100.0)

Insurance, n (%) 0.220

Yes 570 (69.8) 245 (74.9) 17 (70.8)
No/unknown 247 (30.2) 82 (25.1) 7 (29.2)

Marital status at diagnosis, n (%) <0.001

Married 462 (56.5) 178 (54.4) 23 (95.8)
Unmarried 355 (43.5) 149 (45.6) 1 (4.2)

Ann Arbor stage, n (%) <0.001

Stage I/II 603 (73.8) 239 (73.1) 8 (33.3)
Stage III/IV 214 (26.2) 88 (26.9) 16 (66.7)

Surgery for primary site, n (%) 0.916

Yes 541 (66.2) 218 (66.7) 15 (62.5)
No/unknown 276 (33.8) 109 (33.3) 9 (37.5)

Radiotherapy, n (%) 0.034

Yes 46 (5.6) 14 (4.3) 4 (16.7)
No/unknown 771 (94.4) 313 (95.7) 20 (83.3)

Chemotherapy, n (%) 0.159

Yes 534 (65.4) 228 (69.7) 19 (79.2)
No/unknown 283 (34.6) 99 (30.3) 5 (20.8)

Survival months median (IQR) 28.0 (4.0, 83.0) 26.0 (4.0, 67.0) 39.5 (13.8, 51.8) 0.182

All-cause mortality, n (%) 386 (47.2) 145 (44.3) 7 (29.2) 0.165
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Internal and External Validation
Two validation sets were used to verify the resolution and correction ability of the survival nomogram. Internal validation was 
SEER validation set. Our cancer center cohort was used as an external validation set to further verify the survival nomogram.

Specifically, ROC analysis revealed that the survival nomogram exhibited favorable predictive performance for 
1-year, 3-year and 5-year survival. In the training set, td-ROC curves were generated to further evaluate the predictive 
performance (AUC=0.777, 0.761 and 0.772, respectively) (Figure 3A), the survival nomogram also exhibited good 
predictive performance in internal validation set (Figure 3B) (AUC=0.735, 0.737 and 0.739, respectively) and external 
validation set (Figure 3C) (AUC=0.884, 0.870 and 0.865, respectively).

Additionally, the calibration curves for the probability of 1-year, 3-year and 5-year survival exhibited an 
optimal agreement between the predicted outcomes by the survival nomogram and actual values in the SEER 
training cohort (Figure 4A–C). (Figure 4D–F) calibration plots of 1-year, 3-year and 5-year mortality in internal 
validation cohort; (Figure 4G–I) calibration plots of 1-year, 3-year and 5-year mortality in external validation 
cohort.

Patients with high risk had a shorter OS period than those with low risk across all subgroups (HR>1) (Figure 5). In 
internal validation set, patients with high risk exhibited favorable OS (HR=2.75, 95% CI=1.91–3.96, P<0.001) compared 
to patients with low risk, as reflected by a Kaplan-Meier plot (Figure 5B). As illustrated in Figure 5C, the survival 
nomogram was also clinically useful in external validation set, the Log rank test indicated that patients with high risk had 
inferior OS time than those with low risk (HR=8.25, 95% CI=2.05–33.14, P=0.017).

Table 2 Univariate and Multivariate Analyses of Factors Associated with OS in Training Set

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age (years)

≥60 2.54 (1.99–3.24) <0.001 2.24 (1.76–2.87) <0.001
<60 Ref. – Ref. –

Sex, male 0.99 (0.81–1.22) 0.934

Race
White 1.13 (0.82–1.56) 0.463

Black 1.28 (0.77–2.15) 0.345

Others Ref. –
Insurance

Yes 1.06 (0.86–1.32) 0.577

No/unknown Ref. –
Marital status at diagnosis

Married 0.70 (0.57–0.80) <0.001 0.70 (0.58–0.86) 0.001

Unmarried Ref. – Ref. –
Ann Arbor stage

Stage I/II Ref. – Ref. –

Stage III/IV 2.07 (1.68–2.54) <0.001 2.50 (2.01–3.10) <0.001
Surgery for primary site

Yes 0.72 (0.58–0.89) 0.003 0.71 (0.57–0.88) 0.002

No/unknown Ref. – Ref. –
Chemotherapy

Yes 0.39 (0.32–0.48) <0.001 0.36 (0.29–0.45) <0.001

No/unknown Ref. – Ref. –
Radiotherapy

Yes 0.85 (0.54–1.35) 0.483
No/unknown Ref. –
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Figure 1 A survival nomogram for predicting 1-year, 3-year and 5-year survival rates of primary small intestinal diffuse large B-cell lymphoma patients.

Figure 2 Decision curves analysis (DCA) for the survival nomogram to predict OS. (A) The DCA of nomogram for OS in training cohort; (B) the DCA of nomogram for 
OS in internal validation cohort; (C) the DCA of the survival nomogram for OS in external validation cohort.

Figure 3 The predictive performances of the survival nomogram for predicting 1-year, 3-year and 5-year OS in PsI-DLBCL. ROC curves displayed that this survival 
nomogram discriminated well in training set (A), internal validation set (B) and external validation set (C).
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Discussion
Few clinical studies have been published concerning primary small intestinal DLBCL. In the past 20 years, diagnosis, 
staging, and treatment of PGI-DLBCL have undergone profound changes. The lack of a uniform staging system has made 
some historical interstudy comparisons difficult. Of the stage categories defined for each staging system, only the T stage of 
the Paris classification showed prognostic significance for OS by univariate analysis. However, none of the stage parameters 
was significantly correlated with patient survival on multivariate analysis.12 Modified Ann Arbor staging criteria as Lugano 
staging was recommended in our study. Since the addition of rituximab in the DLBCL. The survival rate has been 
improved.13 However, DLBCL is the most easily perforated gastrointestinal lymphoma the management of severe 
gastrointestinal complications (GICs) remains a clinical challenge.14 In particular, the PsI-DLBCL is more prone to 

Figure 4 The calibration curves for predicting OS in PsI-DLBCL patients. (A–C) Calibration plots of 1-year, 3-year and 5-year mortality in training cohort; (D–F) calibration 
plots of 1-year, 3-year and 5-year mortality in internal validation cohort; (G–I) calibration plots of 1-year, 3-year and 5-year mortality in external validation cohort. 
Nomogram-predicted probabilities of OS were plotted on the x-axis, actual observed outcomes were plotted on the y-axis.

Figure 5 Kaplan–Meier curves of the high-risk and low-risk group of PsI-DLBCL patients stratified by the survival nomogram predicted probabilities in training set (A). 
internal validation set (B) and external validation set (C).
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obstruction and perforation.15 How to identify high-risk and poor prognosis patients, improve the therapeutic effect and 
overall survival time is still under discussion.

Based on the clinical confusion encountered in patients with PsI-DLBCL, we summarized the clinical and treatment 
characteristics of 24 cases patients with PsI-DLBCL in our cancer Center in the past 8 years. In view of the relatively rare 
incidence of the disease, we combined SEER data for systematic comparative analysis. SEER database had recorded 
detailed clinical parameters such as age, sex, race, insurance, Marital status, Ann Arbor stage, treatment (surgery for 
primary site, radiotherapy, chemotherapy) between January 2004 and December 2016. In our study, we demonstrated that 
age, marital status, Ann Arbor stage, surgery for primary site, chemotherapy were independent prognostic factors of OS 
in patients with PsI-DLBCL. To the best of our knowledge, this is the first survival nomogram based on a series of 
clinical and treatment features to predict the 1-year, 3-year and 5-year OS in PsI-DLBCL. Indeed, independent 
validations of survival nomograms are necessary to increase the credibility in their predictive value. Similarly, external 
validations are also necessary as they can detect the bias of the estimation and evaluate the applicability to different 
populations.

Among these independent prognostic factors, age and Ann Arbor stage are associated with prognosis in many cases of 
primary non-Hodgkin’s.2 Our study is consistent with the view. However, there were few studies on the effects of marital 
status on overall survival, the marital status of patients in our center is significantly different from that in SEER database, 
which may be related to differences in cultural background. We have relatively more married patients, which suggests 
that family care in terms of diet, daily living, etc. may helpfully improve the overall survival of patients with 
gastrointestinal tumors. Marriage was discovered as an independent protective factor for OS in all multiple myeloma 
adult patients.16 Our study also confirmed that marital status has a statistically significant effect on prognosis. Of course, 
lymphoma is a systemic disease that requires a combination of treatments. The high heterogeneity of DLBCL leads to 
different treatment regimens. Our study suggested that chemotherapy and surgery are beneficial to patients with PsI- 
DLBCL. As we known, surgical treatment was different in gastrointestinal lymphoma, it has been replaced by endo-
scopic examination, reducing the role of surgery as a means of diagnosis, staging and treatment of PGI-DLBCL. The 
indications for surgery are relatively narrow. Currently, PGI-DLBCL is mostly treated with chemotherapy combined with 
surgery or radiotherapy. Surgery is recommended as an urgent treatment for patients with lymphoma presenting with 
severe perforation, bleeding, or obstruction and as palliative treatment.17,18

At present, many studies have found that chemotherapy combined with radiotherapy can achieve the same survival 
rate of PG-DLBCL (local stage) and improve the function of gastric preservation.19 A retrospective analysis of 146 
patients with primary gastric DLBCL at 8 cancer centers in Turkey suggested that surgical treatment do not improve over 
survival.20 However, the status of surgical treatment of PsI-DLBCL is controversial, and there are few study evidences. 
A retrospective analysis of 82 patients with PsI-DLBCL in Taiwan suggested that surgery combined with chemotherapy 
was the best treatment strategy,21 however pathological types include other types of lymphoma besides DLBCL. We 
analyzed 15 cases(62.5%) underwent surgical treatments of PsI-DLBCL in our cancer center, five cases underwent 
surgical procedures for diagnostic purposes, ten cases suffered from emergency surgery due to acute intestinal obstruc-
tion, acute gastrointestinal bleeding, and intestinal perforation. Patients with DLBCLs in the small intestine frequently 
underwent surgery for ileus or perforation and difficult diagnosis,22 surgical resection has little impact on organ function 
of small intestinal, so we agreed with surgical resection for diagnosis and treatment in PsI-DLBCL. At the same time, 
treatment of DLBCL relies on systemic chemotherapy. R-CHOP has prevailed as the standard of care for DLBCL, 
regardless of the immunohistochemical profile or molecular subtype.23 Current studies have confirmed that the presence 
of Rituximab reduces the surgical rate of PG-DLBCL and do not increase the early mortality.24 However, a SEER-based 
study of PG-DLBCL suggested that patient age, tumor stage, chemotherapy, and surgery were independent risk factors 
for long-term survival of PG-DLBCL patients, at the same time, the risk of death was high in the first two years, during 
which active follow-up should be pursued.6 In our study, Chemotherapy and surgery are beneficial for overall survival of 
PsI-DLBCL, the internal validation based on SEER is also consistent. The median survival time of our center cases was 
39.5 months, which was higher than that of SEER, and the mortality rate was decreased (29.2%).

This study should be considered in the context of a few inevitable limitations. First, the SEER database provides 
patients with PsI-DLBCL before 2016, There is a time delay in the widespread use of rituximab. Second, the cases in 
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our hospital were in the last 8 years, while the sample size of our cancer center cohort is relatively small. Furthermore, 
the follow-up time is not long enough, so it is inevitable that there will be statistical bias. But there are still many 
clinical implications: On one hand, the proportion of stage III–IV patients in our hospital is higher (66.7%), it may be 
due to the poor awareness and compliance of gastrointestinal physical examination in the Chinese population, in 
addition, clinical manifestations of PGI-DLBCL are similar to other benign or malignant lesions of gastrointestinal, 
and the non-specificity is easy to lead to misdiagnosis or delayed diagnosis.25 On the other hand, PsI-DLBCL patients 
have more advanced disease and a wide range of lesions, so systematic treatment is particularly important, 
Chemotherapy is the basic treatment, When there is a larger lesions in the gastrointestinal tract, tumors are sensitive 
to chemotherapy and retreat too quickly, normal tissues cannot be repaired. Therefore, identification of emergency and 
timely treatment of acute and severe diseases, local surgery can prevent spontaneous perforation and/or bleeding during 
chemotherapy or radiotherapy, and provide opportunities for subsequent systemic chemotherapy. Under the guidance 
of clinical experience, radiation therapy can be usually used as an adjunct to surgery, chemotherapy, or both. However, 
we treat intestinal lymphoma patients with radiotherapy relatively infrequently. It may be because the target area of 
intestinal radiotherapy is large, especially small intestines have poor tolerance to radiotherapy. Therefore, further 
clinical studies are needed to explore prognostic factors more comprehensively and validate our survival nomogram for 
patients with PsI-DLBCL.

Conclusion
Patients with PsI-DLBCL are difficult to diagnose relatively and usually progress with severe gastrointestinal complica-
tions. A system that identifies risk stratification is needed. In this study, we analyzed the clinical and therapeutic 
characteristics of patients with PsI-DLBCL affecting OS from SEER database and our hospital database. Age, marital 
status, Ann Arbor stage, surgery for primary site and chemotherapy are independent prognostic factors of OS for PsI- 
DLBCL. Our survival nomogram model provides an applicable tool with good discrimination and calibration abilities to 
predict the prognosis of PsI-DLBCL. More clinical cases for external validation are expected in future.
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