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Background: The aim of this study was to establish a precise prognostic model, based
on significant clinical parameters, for predicting the overall survival (OS) of adult patients
with primary gastrointestinal diffuse large B cell ymphoma (Gl DLBCL).

Materials and Methods: The data of 7,121 GI DLBCL patients, diagnosed between
1997 and 2015, were obtained from the Surveillance, Epidemiology, and End Results
(SEER) database. These patients were randomly divided into two sequential cohorts:
training (n = 5,697) set and validation (n = 1,424) set. ROC methodology and calibration
curves were explicitly used to evaluate the predictive performance of nomogram.

Results: The median OS in the training cohort was 76 months (1-239 months), and 3,
5, and 10-year OS rates were 60.3, 53.9, and 39.5%, respectively. Age at diagnosis,
Ann Arbor stage, and marital status were important clinical predictors of OS. These
characteristics were used to build a nomogram. The AUC of the nomogram for predicting
3,5, and 10-year OS were 0.669, 0.692, and 0.740, respectively. All RUC and calibration
curves revealed good accuracy in predicting prognosis of Gl DLBCL.

Conclusion: In summary, the established nomogram was validated to predict OS for
adult patients with GI DLBCL. This predictive model could help clinicians identify high-risk
patients to improve their prognosis.

Keywords: gastrointestinal DLBCL, prognosis, nomogram, SEER, survival

INTRODUCTION

The primary gastrointestinal (GI) lymphoma is the most common type of extranodal lymphomas,
accounting for about 25% of all primary extranodal lymphomas (1). However, primary GI
lymphoma constitutes only about 1-4% of all GI cancers (2). More than half the cases occur
in the stomach, followed in small intestine and ileocecum (2). Histopathological findings reveal
the following types: marginal zone lymphoma (MALT), diffuse large B-cell lymphoma (DLBCL),
enteropathy-associated lymphoma (EATL), mantle cell lymphoma (MCL), and others. According
to histological type, DLBCL is the most common GI lymphoma with a prevalence estimated
at 40-50% (2, 3). The next most common histological type is mucosa-associated lymphoid
tissue (MALT) lymphoma (4). Contrary to nodal lymphomas, GI DLBCL has different clinical
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characteristics and prognosis. C-myc rearrangements which are
more common in GI DLBCL than in nodal lymphomas, do
not seem to negatively influence the prognosis (6). GI DLBCL
is usually diagnosed with low or intermediate International
Prognostic Index (IPI). In a retrospective analysis, patients with
GI DLBCL showed better overall survival (OS) than patients with
nodal or other extranodal sites (7). Nevertheless, only a few small-
sample studies are conducted to search for prognostic factors
because of the rareness of these tumors in recent years. Recently,
Surveillance, Epidemiology, and End Results (SEER) database has
been used to identify predictive factors to develop a predictive
nomogram to predict the long-term survival. In this study, we use
the patient records from the SEER database to establish a novel
nomogram to predict the overall survival of adult patients with
primary GI DLBCL.

METHODS

Data Source and Study Population

Data for analysis were extracted from the SEER program of the
National Cancer Institute. The SEER program statistical analysis
software (SEER*Stat, Version 8.3.6) was used to examine the data
for adult patients (>18 years) diagnosed GI DLBCL between
1997 and 2015. In 1997, rituximab became the first targeted
drug approved by the FDA for the treatment of B-cell NHL.
The era of rituximab has arrived. The following information was
obtained for each patient: age at diagnosis, sex, race, marriage,
Ann Arbor stage, primary site, surgery, survival time, and status.
Patients lacking these characteristics data were excluded from
this study. A total of 7,121 adult GI DLBCL patients were
randomly divided into two sequential cohorts: training (n =
5,697) set and validation (n = 1,424) set. Marriage of patients
was recorded as married and single (never married, divorced,
and widowed).

Construction and Validation of
the Nomogram

The data of training cohort was used to establish the nomogram.
The endpoint was OS, which was measured from the date of first
diagnosis to the date of any cause of death. Survival was estimated
using the Kaplan-Meier method and Cox regression analysis. The
factors observed to have significant associations with OS were
applied to construct the nomogram of OS.

The nomogram was internally and externally validated with
1,000 bootstrap resamples. Calibration curves were created
using the marginal estimate and the model average prediction
probability. ROC methodology can be explicitly used to evaluate
predictive performance (8).

Statistical Analysis
The statistical analysis was performed using SPSS statistics 21 and
Rversion 3.6.3. The bilateral p < 0.05 was regarded as significant.

RESULTS

Clinical Characteristics of the Patients
In general, a total of 7,121 adult GI DLBCL patients were
identified from the SEER database. Patients were randomized

into two sequential cohorts: training (n = 5,697) set and
validation (n = 1,424) set. Patient characteristics are shown
in Table 1.

OS and Significant Prognostic Factors in

the Training Cohort

The median OS in the training cohort was 76 months (1-239
months), and 3, 5, and 10-year OS rates were 60.3, 53.9, and
39.5%. As shown in Figure 1, age at diagnosis, Ann Arbor stage,
and marital status were important clinical predictors of OS.
The results of the univariate and multivariate analysis are listed
in Table 2.

Prognostic Nomogram for OS

The prognostic nomogram for 3, 5, and 10-year OS is shown
in Figure 2. The OS was better for younger patients, patients
with stage I disease, and married patients. With the help of the
nomogram, patients were divided into different risk stratification
to evaluate the OS (Figure 3).

Validation of Predictive Accuracy of the

Nomogram for OS

In the validation cohort, the median OS was 74 months (1-236
months), and 3, 5, and 10-year OS rates were 59.7, 53.1,
and 38.3%. The AUC of the nomogram for predicting 3, 5,
and 10-year OS were 0.669, 0.692, and 0.740 (Figure 4). The
internal and external calibration curves showed good optimal

TABLE 1 | Patient characteristics.

Characteristic Training cohort Validation cohort
(n = 5,697) (n =1,424)
Age at diagnosis, years
Median + SD 69.0 + 16.5 70.5 +15.2
Range 18-104 18-105
Sex
Male 3,490 (61.3%) 825 (57.9%)
Female 2,207 (38.7%) 599 (32.1%)
Race
White 5,009 (87.9%) 1,258 (88.3%)
Black 418 (7.4%) 104 (7.3%)
East Asian 270 (4.7%) 62 (4.4%)
Marriage
Single 2,355 (41.3%) 623 (43.8%)
Married 3,342 (58.7%) 801 (56.2%)
Stage
| 2,491 (43.7%) 633 (44.5%)
I 1,535 (26.9%) 354 (24.9%)
-1V 1,671 (29.4%) 437 (30.6%)
Primary site
Stomach 3,017 (53.0%) 744 (52.2%)
Intestine 2,680 (47%) 680 (47.8%)
Surgery
Yes 2,214 (38.9%) 557 (39.1%)
No 3,483 (61.1%) 867 (60.9%)

Frontiers in Oncology | www.frontiersin.org

July 2020 | Volume 10 | Article 1093


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

Nomogram for GI DLBCL

Kaplan-Meier Curve for DLBCL Survival

Age S5 1825 M 2645 M 4600 B 6175 = >a76

‘Survival probability

Time

Number at risk

B Kaplan-Meier Curve for DLBCL Survival

Stage == Stage! = Sugen S Suge -

Survival probability

tloococoo

Kaplan-Meier Curve for DLBCL Survival

Survival probabilty

Number at risk

Number at risk

e -—ﬁgg
byt | 121

2N
=

. s
2R

4388

g

969
1643

Marriage

e 2355
3342

Yoo

FIGURE 1 | Kaplan-Meier survival curves for overall survival in the training cohort, as stratified by (A) Age, (B) Stage, (C) Marriage.

TABLE 2 | Survival analysis of the Training cohort.

Variable Univariate analysis Multivariate analysis

P HR 95%ClI P HR 95%CI
Age <0.001 1.722 1.661-1.786 <0.001 1.739 1.677-1.803
Ann Arbor stage <0.001 1.206 1.162-1.250 <0.001 1.266 1.221-1.313
Marital status <0.001 0.741 0.697-0.788 <0.001 0.743 0.698-0.790

HR, hazard ratio.

agreement between prediction by nomogram and observation in
the probability of 3, 5, and 10-year survival (Figure 5).

DISCUSSION

Although primary GI DLBCL has been studied extensively in the
past (9-12), its clinicopathological features are poorly described.
Most DLBCL occur in patients above the age of 60, with a slight
male predominance (1). We also observed this demographic
feature in the present study. More and more studies showed
that primary GI DLBCL had different clinical characteristics
and treatment outcomes from nodal DLBCL (13-15). Some new

prognostic evaluation systems are needed to identify high-risk
patients. As a mathematical model based on graphic expression,
the nomogram helps to determine the possibility of clinical
event by combing clinical, pathological, and biological variables.
The effects of several separate variables are integrated by the
nomogram to give an individualized risk estimation for each
patient. Compared to the traditional prognostic system, the
nomogram showed better prediction in cancer population based
on the SEER database (16-18). Nomograms are increasingly used
for estimating lymphoma prognosis (19, 20).

To our knowledge, this is the largest retrospective case series
of primary GI DLBCL with the aim to get a prognostic model to
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FIGURE 3 | Kaplan-Meier survival curves for risk stratification in the training cohort (A) and validation cohort (B).

predict OS. In the present study, we developed a nomogram to
predict the prognosis of patients with GI DLBCL, based on three
significant factors: age at diagnosis, Ann Arbor stage, and marital
status. Age is a well-known prognostic parameter for various
cancers. As any other prognostic system (21-24), age at diagnosis
was used as an independent prognostic factor. Refer to the age
classification of NCCN-IPI (23), we divided patients into five age
groups based on the data from the SEER database. Survival rates
significantly decreased with increasing age at diagnosis.

Several staging systems have been developed over the past
decades to improve prognostic stratification of NHL. The Ann

Arbor staging system is widely used for staging of NHL. The
Lugano staging system is a modification of the original Ann
Arbor staging system designed for the staging of GI lymphoma. It
was developed to incorporate measures of depth of invasion and
distant nodal involvement. Ann Arbor classification is considered
inadequate for the staging of GI DLBCL and the most widely used
classification is the Lugano staging system which was adopted by
the eighth edition of the Cancer Staging Manual of the American
Joint Committee on Cancer (5). SEER database only provided
data of Ann Arbor staging and our survival analysis showed that
Ann Arbor staging was an independent prognostic index for GI

Frontiers in Oncology | www.frontiersin.org

4 July 2020 | Volume 10 | Article 1093


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Wang et al. Nomogram for GI DLBCL
A° ] T T TT T T 77 B° I T T T T
31 O 34 1
2. -,/ 2l -./
i : ;
Lt 1= 13 f e
84 ' 84
o | e J
g 3
00 02 04 06 08 10 00 02 04 06 08 10
Nomogram-~Predicted Probability of 3-year Survival D Nomogram-~Predicted Probability of 3-year Survival

Actual 3-year Survival
04 06
P4
[

00 02 04 06 08 1.0

08
1

Actual 3-year Survival
04 06
r
\\M

T T T T T T
00 02 04 06 08 10

Nomogram-Predicted Probabilty of 10-year Survival
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DLBCL. Refer to Lugano classification, we only combined stage
III and stage IV patients as one group, which is different from
nodal DLBCL.

Marital status is not only a risk factor of developing cancers
(25, 26), but also an independent prognostic indicator of
many cancer (27-30). Married patients may possess relatively
strong financial resources, which made it easier to get better
therapies and thus was associated with better prognosis.
Besides, they may also get additional care from their spouses.
Le Guyader-Peyrou et al. found that marital status was
independently associated with the 5-year relative survival
of patients with DLBCL (31). However, socio-economic
status was not associated with outcome (31). Our findings
indicate that the prognosis of married patients with GI
DLBCL is better than that of others. We did not have the

information regarding socio-economical status that could be
used for prognostication.

There are very few data illustrating the impact of IPI on
primary GI DLBCL. The research results clarifying the prognostic
effect of IPI on primary GI lymphoma were inconsistent. A
retrospective multicenter clinical study of 299 B-cell lymphoma
cases revealed IPI >2 to be an independent prognostic factor for
worse OS (32). However, Shi et al. study of 137 patients found that
there was no apparent prognostic significant correlation between
IPI and survival (33). Lugano staging system was also used to
modify the IPI for primary GINHL (34, 35). Patients with a stage-
modified IPI >2 had a median survival time (MST) of 44 months
(34) and our study showed an MST of 28 months for higher risk
patients. However, because of lack of data in SEER database, we
cannot compare the proposed nomogram with IPI directly.

Frontiers in Oncology | www.frontiersin.org

5 July 2020 | Volume 10 | Article 1093


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

Nomogram for GI DLBCL

A 3-year Survival B 3-year Survival
o | e
o _| o
o o
o | ©
o =3
o a
= =
= | - |
o o
~ | o
= — AUC of New Model 0.669 = — AUC of New Model 0.677
— AUG of Stage 0579 — AUG of Stage 0.582
— AUG of Age 0.639 — AUG of Age 0.
— AUC of Marriage 0.456 — AUC of Marriage 0.447
o | e J
o o
T T T T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
FP FP
C 5-year Survival D 5-year Survival
o | o |
o < |
s )
2 2
& &
3 3
o~ 8
c - f New Model 0.692 = AUC of New Model 0.702
- AH% of sg;e o.s’é’zo69 = mg o;Slage 0.583
= AC ol Age'0.6o = AUG of Marriage 0.454
— AUG of Marriage 0.448 of Marriage
o o |
S =
T T T T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
FP FP
E 10-year Survival F 10-year Survival
o | e 4
o < |
S S
© < |
S oS
[ &
3 B
o~ N
Cl - ° — AUC of New Model 0.764
- ﬁﬁg 35 rs«::«gy 3"55’30'" = Aol s«'awga 6575
— AUC of Age 0.714 — AUG of Age 0.734
— AUC of Marriage 0.442 — AUC of Marriage 0.436
o o |
S S
T T T T T T T T T T T T
0.0 0.2 04 06 0.8 1.0 0.0 02 04 0.6 0.8 1.0
FP FP
FIGURE 5 | The calibration curves for predictions of overall survival in the training cohort (A,C,E) and validation cohort (B,D,F) at 3, 5, and 10-year.

SEER database has many advantages with their strength
primarily resting on larger sample size, inclusion of more diverse
subsets of patients, and completed survival data. Our results must
be interpreted carefully as there are some important limitations.

First, Due to the nature of the SEER database, many clinical,
pathological, and biological information regarding individual
risk factors, such as IPI and some molecular markers were not
available in the SEER database. Survival analysis was limited
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to a few factors and could not be further refined in high-risk
patients. This issue is an important one to consider in other
very large clinical data sets with direct ascertainment of these
factors. The second limitation of this study is its retrospective
nature, data integrity, and homogeneity are not guaranteed.
Nevertheless, the patient population is relatively sufficient, and
the findings of prognostic factors are consistent with other
studies (31, 36, 37). Finally, treatment regimens of included
patients were unclear. We only chose the data after 1996 so that
most of patients might receive rituximab therapy. The use of
new targeted agents might modify the clinical outcome of GI
DLBCL (38, 39). Observational analyses using the SEER database
can provide important hypothesis-generating data, from which
future practice-changing prospective trials can be built.

In conclusion, the nomogram using age, Ann Arbor stage,
and marital status permitted predictions about overall survival
in adult patients with GI DLBCL. This predictive tool could help
clinicians identify high-risk patients to improve their prognosis.
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