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Abstract

Background: Gastrointestinal tract is the most common site of extran-
odal non-Hodgkin lymphoma (EN-NHL). Most of the published data
have been on gastric NHL with limited studies on primary intestinal
non-Hodgkin lymphoma (PI-NHL) considering rare incidence. We
performed epidemiological and survival analysis for PI-NHL from the
Surveillance, Epidemiology, and End Results (SEER) 18 database.

Methods: A total of' 9,143 PI-NHL cases of age > 18 years were iden-
tified from the SEER 18 database for the period 2000 - 2015. Totally,
8,568 patients were included for survival analysis. Cause-specific
survival (CSS) and overall survival (OS) analysis were done for PI-
NHL and PI-diffuse large B-cell lymphoma (PI-DLBCL) using sex,
age of onset, treatment, histology, stage, and year of diagnosis. Sur-
vival analysis was done by using Cox proportional hazard model and
Kaplan-Meier plot with log-rank test.

Results: The percentage of PI-NHL of all the intestinal cancers and
EN-NHL were 1.35%, and 10.52%, respectively. The age-adjusted
incidence was 0.9145/100,000 population for the study population.
PI-NHL was more common among patients aged > 60 years, male and
non-Hispanics Whites. Majority of patients were diagnosed at stage 1
and 2 (74%), and DLBCL (44.8%) was the most common histology.
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Overall median survival was 111 (95% confidence interval (CI): 105
- 117) months. In OS analysis, significant increased risk of mortality
was seen with T-cell NHLs vs. DLBCL (hazard ratio (HR): 2.56),
patients aged > 60 vs. < 60 years (HR: 2.87), stage 4 vs. stage 1 (HR:
1.93), male vs. female (HR: 1.17), with best outcome seen in patient
treated with combination of chemotherapy and surgery vs. none (HR:
0.45). Similar results were seen in CSS and for PI-DLBCL as well.
Significant improvement in outcomes was observed for PI-DLBCL
patients receiving chemotherapy with/without surgery.

Conclusions: Findings from our large, population-based study reveal
PI-NHL is a rare type of intestinal malignancy with significant dif-
ference in survival based on histological and epidemiological char-
acteristics.

Keywords: Primary intestinal non-Hodgkin lymphoma; Non-Hodg-
kin lymphoma; Intestinal cancers; SEER database and epidemiology;
Lymphoma; Gastrointestinal cancer; Cancer survival

Introduction

Non-Hodgkin lymphoma (NHL), a term encompassing vari-
ous neoplasms of lymphoid origin, is the most common type
of blood cancer in the USA [1]. The most common site for
extranodal non-Hodgkin lymphoma (EN-NHL) is the gastroin-
testinal tract, constituting about 30-40% of the total NHL cas-
es. Amongst primary gastrointestinal tract lymphomas, gastric
lymphoma is the most common site, followed by small intesti-
nal lymphoma and colorectal lymphoma [2]. Among types of
NHL occurring in gastrointestinal tract, B-cell lymphoma is
more common than T-cell lymphomas, with most T-cell lym-
phoma cases occurring in the ileocolic region of the intestine.
Primary intestinal non-Hodgkin lymphoma (PI-NHL) is a
rare type of malignancy comprising about 2% of all gastroin-
testinal malignancies, and specifically about 2% of all small in-
testinal and 0.2% of all large intestinal malignancies [3, 4]. In a
study done by the Danish lymphoma group, it was seen that over
a period of 9 years between 1983 to 1991, the annual incidence
rate for PI-NHL was 0.48 per 100,000, suggesting a very low in-
cidence rate [5]. However, there is a trend of gradual increase in
the number of PI-NHL cases worldwide [2, 6]. Better diagnostic
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techniques, awareness about the disease, more colonoscopies
and reporting have contributed to the increase in diagnoses of
this disease [6, 7]. This has made it necessary to increase our fo-
cus on NHL with intestinal primary site. It should also be noted
that for unknown reasons, up to 75% of primary gastrointestinal
tract lymphomas in the Mediterranean region and Middle East
are PI-NHL and Burkitt lymphoma (BL), which has 50-fold
higher incidence in Africa predominantly presenting as obstruct-
ing lesion in the terminal ileum [8, 9].

Over the years, several studies have been conducted to
understand better epidemiological and survival parameters
associated with primary gastrointestinal non-Hodgkin lym-
phoma (PGI-NHL). However, most of these studies primarily
evaluated gastric NHL as opposed to PI-NHL, due to the lesser
prevalence of the latter. Further, due to an overall lower inci-
dence of affected PI-NHL patients, most of its observational
and analytical studies have a relatively smaller sample size,
making it challenging to derive conclusive evidence. In ad-
dition, a lower survival rate has been observed in intestinal
lymphomas compared to gastric lymphoma [10], making it
crucial to analyze the factors influencing survival rates in PI-
NHL independently. Here, we present the epidemiological and
survival data for PI-NHL from the Surveillance, Epidemiol-
ogy, and End Results (SEER) 18 databases for 2000 - 2015.

Materials and Methods

This is a registry-based retrospective study executed by analy-
sis of data from the SEER database for the years 2000 to 2015
[11]. The population in SEER 18 represents 27.8% of the US
population based on the 2010 US census. It includes cancer
cases from 18 cancer registries across the USA including Alas-
ka Natives, Greater Georgia, Connecticut, Detroit (metropoli-
tan), Hawaii, lowa, New Mexico, Rural Georgia, California
excluding SF/SIM/LA, San Francisco-Oakland, San Jose-
Monterey, Seattle, Utah, Kentucky, Los Angeles, Louisiana,
New Jersey, and Atlanta (metropolitan). The SEER database
is a standard for population study in the USA with a case as-
certainment rate of 98%. Individual patient-level data were ex-
tracted from the SEER 18 database using SEER *Stat software
(version 8.0.5; Surveillance Research Program of the National
Cancer Institute).

Study population

The database was queried for all patients diagnosed with PI-
NHL between 2000 to 2015 based on EN-NHL ICD-O-3 re-
code and primary site code for small and large intestine (prima-
ry site code C17.0 - C21.8 (Supplementary Material 1, www.
wjon.org)). Patients with age at diagnoses > 18 were included
in the study. Patients with unknown staging data, survival sta-
tus, and those diagnosed after autopsy were excluded from the
study (Fig. 1). Complete data collection process is described
in detail here (Supplementary Materials 2, 3, www.wjon.org).

The SEER registries collect data on patient characteristics,
including age and year of diagnosis, origin, stage of diagnosis,
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sex, site, type of treatment, vital status, cause of death, and sur-
vival months at last follow-up or at death which were retrieved
for the study. Associations between the demographic, clinical,
and pathologic characteristics of patient with survival month
were assessed. Age > 60 is taken as a cutoff for analysis of the
association between age and survival since it is considered an
adverse prognostic factor as per the International Prognostic
Index (IPI). pathological information included stage at diag-
nosis and histological type of NHL. We also included year of
diagnosis as one of the determinants in the survival analysis,
and it was divided into three broad periods (2000 - 2005, 2006
-2010, and 2011 - 2015).

Statistical analysis

Descriptive statistics were used to describe patient baseline char-
acteristics. Age-adjusted incidence rates were calculated for study
duration 0of 2000 - 2015 for age > 18 years using SEER*Stat soft-
ware. Age-adjusted incidence rate ratio were calculated for sex
and ethnicity (Supplementary Material 2, www.wjon.org).

Overall survival (OS) and cause-specific survival (CSS)
were calculated as the time from diagnosis to death from any
cause and from time of diagnosis to death from PI-NHL, re-
spectively. Survival curves were plotted using Kaplan-Meier
plots and survival analysis was performed using a log-rank
test. Life tables were constructed to analyze the 1-year, 5-year
and 10-year OS and CSS and were shown as percentages with
a 95% confidence interval (95% CI). Patients were censored at
the last follow-up in SEER, death or on December 31, 2018,
whichever came first.

Hazard ratio (HR) was calculated by multivariate Cox
proportional hazard model. To identify the determinant of
outcome, all the covariates were analyzed in a univariate Cox
proportional hazard model for OS and CSS. Those covariates
which were significant for the univariate cause-specific and
overall Cox proportional hazard survival model were fitted
into the multivariate model to analyze the effect of each co-
variate independent of the others. Diffuse large B-cell lym-
phoma (DLBCL) was taken as reference for survival analyses
considering most common type of NHL in the intestinal tract.
We also calculated the survival factor for primary intestinal
DLBCL considering it is the most common intestinal NHL in
both small and large intestine.

All the covariates were normalized for age, sex, and stag-
ing based on significance during univariate analysis. The
strength of association between each predictor and survival
was expressed as a HR along with a 95% CI. All tests were
two-sided, and a P value of 0.05 was considered statistically
significant. All the data analyses were done in Stata/IC 16.1
and R studio with R version 4.0.1 using “survival”, “survmin-
er” and “dplyr” packages.

Ethical approval statement

Deidentified patient data were collected from SEER database
under data user agreement with NCI. Ethical review and ap-
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Total unique patients in SEER
Research Database — 6,428,525

:

All Extra nodal Non-Hodgkin’s
lymphoma — 86,935

All Primary Intestinal Cancer —
675,908

I
Excluded

Non-intestinal EN-NHL — 77,792
Non-NHL Primary Intestinal — 666,765
¥

All Primary Intestinal Non-
Hodgkin's lymphoma — 9,143

I
Excluded

Missing survival months — 9
Missing Ann arbor Stage - 566
v

Inclusion criteria:

® Age 218 years

®  Primary Intestinal Site

e Extranodal Non-
Hodgkin's lymphoma

® Year of diagnosis
2000-2015

Exclusion Criteria:

® Missing survival
month

® Missing ann arbor
stage

Patients included for survival
analysis — 8,568

Figure 1. Description of patient selection and exclusion for the study. Patient listed in SEER 18 registries were included in the
study. SEER: Surveillance, Epidemiology, and End Results; EN-NHL: extranodal non-Hodgkin lymphoma.

proval were waived for this study, due to the deidentified infor-
mation of the patients included in the public SEER database.

Results

A total of 675,908 patients were identified with the diagno-
sis of primary intestinal cancers and a total of 86,935 patients

were identified to have a diagnosis EN-NHL. For the study
period, 9,143 patients age > 18 years were identified as PI-
NHL. PI-NHL formed 1.35% (95% CI: 1.32 - 1.38) of all
intestinal cancers and 10.52% (95% CI: 10.31 - 10.72) of all
EN-NHL. The age-adjusted incidence of PI-NHL was 0.9145
per 100,000 individuals for age > 18 for the study duration
and were seen more in male and non-Hispanic White (NHW)
population (Table 1). There was no significant change in the

Table 1. Age-Adjusted Incidence for PI-NHL for Year 2000 - 2015 for Age = 18

Age-adjusted incidence (per 100,000 population) Rate ratio P value

Study population (age > 18, year 2000 - 2015)  0.914 (0.896 - 0.934)

Sex?®
Male 1.24 (1.207 - 1.274)
Female 0.651 (0.629 - 0.673)
Ethnicity®
Non-Hispanic White 0.954
Non-Hispanic Asia-Pacific Islanders 0.923 (0.859 - 0.991)
Hispanic 0.873 (0.818 - 0.932)
Non-Hispanic American Indian 0.662 (0.47 - 0.904)

Non-Hispanic Black

0.589 (0.540 - 0.641)

Reference -
0.5246 (0.5026 - 0.5475) 0.00

Reference =

0.9677 (0.8964 - 1.0433) 0.40
0.9156 (0.8533 - 0.9812) 0.01
0.6946 (0.4921 - 0.9491) 0.02
0.6175 (0.5644 - 0.6743) 0.00

2Arranged in descending order of age-adjusted incidence rate. PI-NHL: primary intestinal non-Hodgkin lymphoma.
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age-adjusted incidence during the study duration (Supplemen-
tary Material 4, www.wjon.org). Among the 9,143 patients
with PI-NHL, 566 patients without Ann Arbor stage data and
nine without survival data were excluded and finally a total of
8,568 patients were included for survival analysis (Fig. 1). We
have summarized the demographic details in Table 2.

Patient characteristics

PI-NHL was more common among males compared to females
(60.9% vs. 39.1%). Majority (65.8%) of the PI-NHL occurred
in patients aged > 60 years. Majority of the patients were non-
Hispanic Whites (72.83%), followed by Hispanics (11.29%)
and African Americans (6.22%). More than 70% of PI-NHL
were diagnosed at early stages (stages 1 and 2). The combi-
nation of surgery and chemotherapy (29.25%) was the most
common approach used for the treatment. Only surgery or
chemotherapy were used in 28.55% and 23.55% of patients,
respectively. No intervention was done in 18.65% of the pa-
tients.

Histological classification of PINHL

The histological distribution of PI-NHL is summarized in Ta-
ble 3. The majority of the PI-NHL were B-cell lymphoma,
with DLBCL (44.76%) being the most common histology
followed by follicular lymphoma (18.24%) and mucosa-asso-
ciated lymphoid tissue lymphoma (MALToma) (13.54%). T-
cell lymphoma constituted 4.58% of the total cases and 77.8%
cases involved small intestine. Majority (75.8%) of follicular
lymphoma had small intestine as primary site while mantle cell
lymphoma (81.7%) and MALToma (61.8%) were more com-
mon in large intestine.

Survival analysis

OS and CSS were calculated. One-year, 5-year and 10-year
survival probabilities are listed in Table 4. Median survival in
the overall study population was 111 months (95% CI: 105 -
117), with a nonsignificant difference with HR 1.00 (95% CI:
0.99 - 1.1, P value = 0.14) between small intestine (median
survival: 117 months, 95% CI: 109 - 128 months) and large in-
testinal lymphomas (median survival: 103 months, 95% CI: 98
- 112 months). Survival data are summarized in Table 5. Uni-
variate HRs for all the covariates are summarized here (Sup-
plementary Material 5, www.wjon.org). On the multivariate
analysis, compared to patients aged < 60 years, patients aged
> 60 years had worse cause-specific (HR: 2.13, 95 CI: 1.94
- 2.34) and overall survival (HR: 2.87, 95% CI: 2.65 - 3.10).
Male sex conferred an increased risk of mortality for both CSS
(HR: 1.14, 95% CI: 1.05 - 1.23) and OS (HR: 1.17, 95% CI:
1.10 - 1.24) compared to female sex. Stage 4 patients had a sig-
nificantly higher risk of mortality compared to stage 1 discase
(CSS HR: 2.56, 95% CI: 2.31 - 2.83; OS HR: 1.93, 95% CI:
1.79 - 2.09). Compared to DLBCL, follicular lymphoma (HR:
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Table 2. Demography, and Clinical Characteristics of PI-NHL
Patients in the Study

Characteristics N (% or range)
Total 8,568

Median age in years (IQR) 66.5 (55-77)

<60 years 2,933 (34.23)

> 60 years 5,635 (65.77)
Sex

Female 3,352 (39.12)

Male 5,216 (60.88)
Ethnicity

Non-Hispanic White 6,240 (72.83)

Non-Hispanic Black 533 (6.22)

Hispanic 967 (11.29)

Others 828 (9.66)
Staging

Stage 1 4,013 (46.84)

Stage 2 2,329 (27.18)

Stage 3 456 (5.32)

Stage 4 1,770 (20.66)

Site

Small intestine 4,696 (54.81)
Large intestine 3,872 (45.19)
Histology

Follicular lymphoma 1,563 (18.24)

MALToma 1,160 (13.54)
DLBCL 3,835 (44.76)
Mantle cell lymphoma 447 (5.22)
Burkitt lymphoma 344 (4.01)
Other B-cell lymphoma 232 (2.71)
T-Cell non-Hodgkin lymphoma 392 (4.58)
Non-Hodgkin lymphoma, NOS 595 (6.94)
Treatment
Chemotherapy only 2,018 (23.55)
Surgery only 2,446 (28.55)
Surgery and chemotherapy 2,506 (29.25)
None 1,598 (18.65)
Year of diagnosis
2000 - 2005 2,911 (33.98)
2006 - 2010 2,815 (32.85)
2011 - 2015 2,842 (33.17)

IQR: interquartile range; DLBCL.: diffuse large B-cell lymphoma; NOS:
not otherwise specified; PI-NHL: primary intestinal non-Hodgkin lym-
phoma; MALToma: mucosa-associated lymphoid tissue lymphoma.
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Table 3. Distribution of Histological Subtypes of Non-Hodgkin Lymphoma Across the Intestinal Tract

Histological subtype of NHL Total

Small intestine Large intestine

Follicular lymphoma 1,563 (18.24)

MALToma 1,160 (13.54)
DLBCL 3,835 (44.76)
Mantle cell lymphoma 447 (5.22)
Burkitt lymphoma 344 (4.01)
Other B-cell lymphoma 232 (2.71)
T-cell non-Hodgkin lymphoma 392 (4.58)
Non-Hodgkin lymphoma, NOS 595 (6.94)

1,185 (25.23) 378 (9.76)
443 (9.43) 717 (18.52)
2,138 (45.53) 1,697 (43.83)
82 (1.75) 365 (9.43)
166 (3.53) 178 (4.60)

80 (1.70) 152 (3.93)
305 (6.49) 87 (2.25)
297 (6.32) 298 (7.70)

NHL: non-Hodgkin lymphoma; DLBCL.: diffuse large B-cell ymphoma; MALToma: mucosa-associated lymphoid tissue lymphoma; NOS: not other-

wise specified.

0.29, 95% CI: 0.26 - 0.32) and MALToma (HR: 0.37, 95% CI:
0.33 - 0.41) had better OS. T-cell lymphoma however, had the
worse OS outcomes compared to DLBCL (HR: 2.56, 95% CI:
2.28 - 2.88). BL conferred poor OS compared to DLBCL with
HR trending towards statistical significance (HR: 1.17, 95%
CI: 1.00 - 1.38).

For treatment, there was no significant difference seen
for OS between no treatment/observation and patients who
only underwent surgery whereas CSS showed slight better
outcome in patients with surgery with HR of 0.82 (95% CI:
0.73 - 0.93). Patients who underwent chemotherapy and mul-
timodality treatment with chemotherapy and surgery had bet-
ter outcome than observation or surgery alone with minimal
yet significant difference between themselves for both CSS
and OS as shown in Table 5. Cause-specific and overall sur-
vival of PI-NHL increased significantly over the years com-
pared to 2000 - 2005 period. As expected, 1-year and 3-year
CSS and OS probability also increased over the year (Table
6). OS and cause-specific Kaplan-Meier curves were plot-
ted for survival factors included in Cox proportional hazard
model of PI-NHL and shown in Figures 2 and 3, respectively.
Survival analysis of PI-DLBCL showed similar trends as
seen for broader PI-NHL and is summarized in Table 7 with
OS and CSS Kaplan-Meier plots shown in Figures 4 and 5,
respectively.

Discussion

Although PI-NHL is a rare cancer, it accounts for a consider-
able portion of EN-NHL. The SEER database of the National
Cancer Institute which enlists data for cancer patients repre-
senting 27.8% of the US population is an excellent resource

for doing a large population-based study for this rare entity. To
the best of our knowledge, our study with more than 9,000 PI-
NHL patients is the largest analysis of clinical characteristics
and outcomes among patients with PI-NHL.

Although the incidence of PI-NHL has remained relatively
same over the years of analysis between 2000 to 2015, CSS
and OS have improved significantly. This may be attributed
to the improvement in diagnosis and treatment of lymphoma
in general. In our study, 65.77% of patients were aged > 60
years with the median age of onset being 66.5 years (95% CI:
55 - 77). The higher prevalence of the condition in patients >
60 years with PI-NHL was more common among males in con-
gruence with previous data. This is the only study which has
reported population-based age-adjusted incidence rate with in-
cidence rate ratio close to twice for male compared to female,
0.62 times for non-Hispanic Black and 0.92 times for Hispanic
patients compared to non-Hispanic White population. In the
previous studies, the number of reported cases were almost
twice in the males for the eastern Asian population to 1.5 times
in German and North American populations, which were seen
in our patient group as well [10, 12, 13].

On multivariate analysis, age, sex, stage of disease, histol-
ogy, and type of treatment were found to be the factors affect-
ing OS. Age of onset and stage are currently parts of the IPI
scoring for NHL. In our study, patients older than 60 years
were at twice the risk of cause-specific mortality, whereas OS
was even more strongly dependent on age with 2.68 times
worse outcome in this group. In a study done on the Medi-
care beneficiaries with newly diagnosed NHLs [14], it was
seen that NHL-specific mortality increases over the age for all
types of NHLs and is more influenced by the comorbidities for
younger individuals than that of older patients. The presence
of comorbidities influences mortality from other conditions.

Table 4. Overall Survival and Cause-Specific Survival at 1-Year, 5-Year and 10-Year for All PI-NHL Patients

Cause-specific survival (95% CI)

Overall survival (95% CI)

1-year survival 0.80 (0.796 - 0.813)
0.71 (0.706 - 0.725)

0.66 (0.654 - 0.677)

S-year survival

10-year survival

0.76 (0.749 - 0.767)
0.61 (0.600 - 0.621)
0.48 (0.469 - 0.493)

PI-NHL: primary intestinal non-Hodgkin lymphoma; Cl: confidence interval.
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Table 5. Multivariate Cox Proportional Hazard Analysis of the Survival Factors for Cause-Specific and Overall Survival for All PI-NHL

Patients
Variable Cause-specific survival HR (95% CI) P value Overall survival HR (95% CI) P value
Year of diagnosis
2000 - 2005 Reference Reference
2006 - 2010 0.87 (0.80 - 0.96) 0.004 0.88 (0.82 - 0.95) <0.001
2011 - 2015 0.72 (0.65 - 0.80) <0.001 0.78 (0.72 - 0.84) <0.001
Age
< 60 years Reference Reference
> 60 years 2.13(1.94 - 2.34) <0.001 2.87 (2.65-3.10) <0.001
Sex
Female Reference Reference
Male 1.14 (1.05 - 1.23) 0.006 1.17 (1.10 - 1.24) <0.001
Stage
Stage 1 Reference Reference
Stage 2 1.54 (1.40 - 1.71) <0.001 1.26 (1.17 - 1.36) <0.001
Stage 3 1.88 (1.59 - 2.22) <0.001 1.45 (1.27 - 1.66) <0.001
Stage 4 2.56 (2.31-2.83) <0.001 1.93 (1.79 - 2.09) <0.001
Histology
DLBCL Reference Reference
Follicular lymphoma 0.19 (0.16 - 0.23) <0.001 0.29 (0.26 - 0.32) <0.001
MALToma 0.21 (0.17 - 0.25) <0.001 0.37 (0.33-0.41) <0.001
Mantle cell lymphoma 0.60 (0.51 - 0.70) <0.001 0.59 (0.52 - 0.67) <0.001
Other B-cell lymphoma 0.61 (0.49 -0.77) <0.001 0.68 (0.58 - 0.81) <0.001
NHL, NOS 0.76 (0.66 - 0.89) <0.001 0.83 (0.74 - 0.93) 0.001
Burkitt lymphoma 1.36 (1.13 - 1.64) 0.001 1.17 (1.00 - 1.38) 0.052
T-Cell non-Hodgkin lymphoma  3.04 (2.67 - 3.46) <0.001 2.56 (2.28 - 2.88) <0.001
Treatment
None Reference Reference
Surgery 0.82 (0.73 - 0.93) 0.008 0.96 (0.88 - 1.05) 0.395
Chemotherapy 0.52 (0.46 - 0.60) <0.001 0.59 (0.53 - 0.65) <0.001
Chemotherapy and surgery 0.39(0.34 - 0.44) <0.001 0.45 (0.40 - 0.49) <0.001

HR: hazard ratio; NHL: non-Hodgkin lymphoma; DLBCL: diffuse large B-cell lymphoma; MALToma: mucosa-associated lymphoid tissue lymphoma;
NOS: not otherwise specified; PI-NHL: primary intestinal non-Hodgkin lymphoma; ClI: confidence interval.

In terms of sex, male patients have higher risk of both cause-

specific and overall mortality for unknown reasons.

We did not observe any significant difference in outcome
between the small and large intestine primary sites. DLBCL

is the most common subtype of PI-NHL, followed by folli-
cular lymphoma and MALToma. DLBCL and BL had similar
incidence in small and large intestine, whereas MALToma and
Mantle cell lymphoma were more common in the large intes-

Table 6. Overall and Cause-Specific Survival Probability at 1-Year and 3-Year for Each Year of Diagnosis Group

Year of diagnosis 2000 - 2005 2006 - 2010 2011 - 2015
1-year OS probability 0.72 (0.71 - 0.74) 0.77 (0.75 - 0.78) 0.78 (0.77 - 0.80)
3-year OS probability 0.63 (0.61 - 0.68) 0.68 (0.67 - 0.70) 0.71 (0.69 - 0.72)
1-year CSS probability 0.77 (0.76 - 0.79) 0.81(0.79 - 0.82) 0.83 (0.82 - 0.85)
3-year CSS probability 0.71 (0.69 - 0.72) 0.75 (0.74 - 0.77) 0.79 (0.77 - 0.80)
OS: overall survival; CSS: cause-specific survival.
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Figure 2. Kaplan-Meier plots for overall survival among all PI-NHL patients for effect: (a) year of diagnosis, (b) age, (c) sex, (d)
stage of disease, (e) NHL subtypes, and (f) treatment. PI-NHL: primary intestinal non-Hodgkin lymphoma.
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Figure 3. Kaplan-Meier plots for cause-specific survival among all PI-NHL patients for effect: (a) year of diagnosis, (b) age, (c)
sex, (d) stage of disease, (e) NHL subtypes, and (f) treatment. PI-NHL: primary intestinal non-Hodgkin lymphoma.
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Table 7. Multivariate Cox Proportional Hazard Analysis of the Survival Factors for Cause-Specific and Overall Survival for PI-DLBCL

Patients
Variable llj:;; ::sr of Cause-specific survival (95% CI) Pvalue Overall survival (95% CI) P value
Year of diagnosis
2000 - 2005 1,387 (36.17)  Reference Reference
2006 - 2010 1,243 (32.41)  0.96 (0.85 - 1.08) 0.505 0.95 (0.86 - 1.05) 0.318
2011 - 2015 1,205 (31.42)  0.72(0.63 - 0.82) <0.001  0.79 (0.71 - 0.88) <0.001
Age
< 60 years 1,232 (32.13)  Reference Reference
> 60 years 2,603 (67.87) 192 (1.69 - 2.18) <0.001 2.51(2.26-2.78) <0.001
Stage
Stage 1 1,519 (39.61)  Reference Reference
Stage 2 1,245 (32.46)  1.48 (1.30-1.69) <0.001 1.20(1.08 - 1.32) <0.001
Stage 3 248 (6.47) 1.66 (1.33 -2.07) <0.001 1.27 (1.06 - 1.52) <0.001
Stage 4 823 (21.46) 2.69 (2.35-3.08) <0.001 2.01(1.81-2.24) <0.001
Treatment
None 355 (9.26) Reference Reference
Surgery 970 (25.29) 0.52 (0.44 - 0.62) <0.001  0.60 (0.53 - 0.69) <0.001
Chemotherapy 1,008 (26.28)  0.33 (0.28 - 0.39) <0.001 0.36(0.31-0.42) <0.001
Chemotherapy and surgery 1,502 (39.17)  0.22 (0.19 - 0.26) <0.001  0.26 (0.23 - 0.30) <0.001

PI-DLBCL: primary intestinal diffuse large B-cell ymphoma; CI: confidence interval.

tine (Table 2). Similar findings were seen in previous studies
comprising data from multiple centers [7, 12 13]. The median
OS of primary intestinal T-cell lymphoma, PI-DLBCL and
MALToma was 6 months, 71 months, and 165 months, respec-
tively. Median survival was not reached in follicular lympho-
ma as more than 50% patients (in our study, 71.84% of total
follicular lymphoma) survived beyond the study cut-off date.
This finding is consistent with the recent study, where median
survival was not reached in the case of follicular lymphoma
even after following up of 20 years [15]. CSS was 8 months
in T-cell lymphoma indicating the disease as cause of death in
majority of patients, while the median CSS was not reached in
other common histology.

Treatment of PI-NHL varies based on histologic sub-
types, clinical presentation, stage, and site. In our study, we
found that 19% (n = 1,598) of patients did not receive any
treatment and out of those 54.51% (871/1,598) of the patients
had indolent NHL (Supplemental Material 6, www.wjon.org).
Indolent NHL like follicular lymphoma and MALToma can
be managed by observation alone in many cases, especially
early stages [16]. It is known that for indolent lymphomas
systemic therapy is indicated with progression of disease or
worsening of symptoms, mostly at later stages. In those cases,
OS is superior for patients who received treatment when com-
pared to those who were unable to receive treatment because
of various reasons. Patients with aggressive lymphoma usu-
ally present with complicated clinical presentation or poor
performance status which might make them non-amenable to
get further intervention. There is a possibility that those pa-
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tients had advanced disease so they decided to pursue comfort
care and might explain worse outcome in the “no” treatment
group. Chemotherapy is the primary modality of treatment for
all types of NHL and holds true for intestinal NHL. In our
patient population, more than half of all patients and more
than half of patients who underwent surgery received chemo-
therapy, as seen in a recent study published on small intesti-
nal lymphoma utilizing the National Cancer Database [17].
This could indicate that many PI-NHL presents with intes-
tinal mass and symptoms of obstruction, which necessitates
the use of surgical intervention for immediate management.
In a report published from China, around 48% of patients
with PI-NHL required surgical intervention [13]. In a recent
report published from the SEER database on duodenal NHL,
there has been a decline in the proportion of patients requiring
surgery for duodenal NHL. In our study, which incorporated
small and large intestine NHL, with around 60% of patients
required surgical intervention.

Patients who underwent multimodality treatment with
surgery and chemotherapy had better OS in univariate and
multivariate analysis. Whereas, on univariate survival analysis
(Figs. 2f, 3f), patients with “no” treatment were observed to
have better survival compared to patients undergoing surgery,
and no statistical difference for patients undergoing chemo-
therapy alone. These findings of better survival in “no” treat-
ment group might have been because of extended long-term
survival in “no” treatment group in patients with indolent lym-
phomas requiring very late intervention with progression of
disease and better survival in elderly managed with observa-
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Figure 4. Kaplan-Meier plots for overall survival probability for primary intestinal DLBCL for effects: (a) year of diagnosis, (b) age,
(d) stage of disease, and (d) treatment. DLBCL.: diffuse large B-cell lymphoma.

tion alone [16, 18]. On multivariate analysis, CSS and OS ben-
efit of treatment strategies were very evident with better sur-
vival in all treatment groups except OS for patients undergoing
surgery alone (Table 5). In a retrospective study which showed
similar outcomes, it was observed that patients receiving sur-
gery and chemotherapy were younger, male, and patients with
fewer comorbidities [19-21]. Another important reason that
was highlighted for better survival in this group compared to
those receiving chemotherapy alone, is the low local relapse
rate in intestinal B-cell lymphoma [12].

Similar findings in survival analysis were also noted in
our separate analysis of PI-DLBCL. Effects of treatment was
more evident here with patients receiving chemotherapy with
or without surgery having better CSS and OS compared to
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those who received surgery alone. Patient older than 60 years
had worse outcomes compared to younger patients. Since the
benefit of chemotherapy is evident in these patients, comor-
bidities, age, and surgical complications could have precluded
them from receiving systemic chemotherapy contributing to
the inferior survival. The overall outcomes have improved in
recent years (2011 - 2015) and could be from introduction
of rituximab, use of tolerable chemotherapy regimens, bet-
ter management of chemotherapy-related complications and
also because of better understanding of disease biology over
the years [22]. Significant improvements in diagnosis, stag-
ing, and response assessment using PET scan, as per Lugano
classification, might have also contributed to this improve-
ment [23].
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Figure 5. Kaplan-Meier plot showing cause-specific survival probability for PI-DLBCL for effects: (a) year of diagnosis, (b) age,
(d) stage of disease, and (d) treatment. PI-DLBCL: primary intestinal diffuse large B-cell ymphoma

Considering the rare occurrence of this subtype of in-
testinal cancer, large population-based database like SEER
database has been utilized to provide conclusive epidemio-
logical data. However, our study has certain limitations. This
is a retrospective study with registry data lacking detailed
analysis of clinical characteristics, biomarkers including cy-
togenetics data, and details of chemotherapy used, whether
it was a combination of chemotherapy and immunotherapy
or only chemotherapy. There are various chemotherapy regi-
mens approved for NHL and SEER database does not provide
the exact regimen used or if patients got any maintenance
therapy. There is also a lack of details on the type of surgery
done and clinical presentation leading to choosing surgery
as an option over chemoimmunotherapy. Similarly cause of
death data which is collected from death certificate in or-
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dered to identify single, disease-specific cause of death has
some limitations with risk of misattributions [24]. It has been
also seen that SEER database has limited utility with low
sensitivity in identifying cancer treatment which varied by
cancer site, stage, and patient characteristics [25]. Although
positive predictive value was > 85% for majority of treat-
ment and cancer type which has improved over the time in
recent studies [26]. In our study, we did a very broad analysis
covering all the subtypes of NHL together and over 15 years.
At the same time, as DLBCL was the most common subtype
of NHL diagnosed within this population and because of its
unique behavior, we did sub-analysis of DLBCL separately,
looking into its specific behavior and survival. There are fur-
ther studies needed considering each histology of NHL sepa-
rately, as NHL is a very broad disecase entity and behavior
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of indolent lymphomas differ remarkably from aggressive B
cell lymphomas.

Conclusions

This is the largest study reported on PI-NHL and summarizes
the epidemiology of the PI-NHL and factors that influence sur-
vival. Our data suggest that the evaluation of PI-NHL based on
epidemiology, site, and histological subtype remains very in-
formative and very much needed. In our study we found that PI-
NHL is mainly a disease of old age with higher incidence in non-
Hispanic White, and male patient. Male sex, late-stage tumors,
and certain histologic types including T-cell lymphoma, BL, and
DLBCL are associated with poor outcomes. We also concluded
that the outcome of combination of surgery and chemotherapy is
not significantly different from chemotherapy alone but has bet-
ter outcome than surgery or observation/no treatment. Further
studies conducted by multicenter collaboration encompassing
important details along with biomarkers will add lots of value to
this subtype on NHL and rare type of intestinal cancer. A similar
study with detailed data collection from SEER-Medicare data-
base would also help in bridging some of the gap as well.
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