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Introduction

Abstract

Gastrointestinal follicular lymphoma (GI-FL) is a rare extranodal variant of
follicular lymphoma (FL) that has been increasingly reported in the literature.
An especially indolent course is linked to the disease after a lack of observed
patient death in past studies. However, overall survival (OS) and associated
prognostic factors remain unclear. A large population-based database was utilized
to identify demographic and clinicopathologic characteristics of GI-FL, along
with survival differences among primary sites. The Surveillance, Epidemiology,
and End Results Registry was used to identify GI-FL cases between the years
of 1973 and 2012. Kaplan—Meier curves compared OS differences and Cox
proportional hazard models analyzed prognostic factors. Final analysis included
1109 cases. Small intestinal cases, which included those with single-site and
multi-segment involvement, were most common (63.6%) followed by gastric
(18.2%) and colorectal cases (18.2%). Small intestinal GI-FL presented more
frequently with grade I histology, and less often with grade III histology (P < 0.001
and P < 0.001, respectively). Small intestinal cases had better outcomes (5-year
OS = 80.9%, P < 0.001) compared to cases involving the stomach (5-year
OS = 52.7%) and colorectum (5-year OS = 71.5%). On multivariate analysis
for predictors of mortality, small intestinal involvement predicted for better
survival; hazard ratio (HR) 0.66 (95% CI: 0.51-0.85). Advanced age (>66), grade
(grade III), and stage (Ann Arbor Stage III/IV) predicted for mortality with
HR 5.46 (95% CI: 3.80-7.84), 1.42 (95% CI: 1.10-1.83), 1.57 (95% CI: 1.15-2.16),
respectively. GI-FL has poorer outcomes than previously suggested. Small in-
testinal involvement has a better prognosis. A possible biological basis for this
will require further investigations in the future.

GI-FL has been described as sharing the same immu-
nophenotype, hallmark t(14;18)(q32;q21) translocation,

Follicular lymphoma (FL) is the second most common
type of non-Hodgkin lymphoma (NHL) in the United
States, and makes up approximately 70% of all indolent
NHL cases [1]. The gastrointestinal (GI) tract is the most
common extranodal presentation of primary NHL, and
accounts for approximately 30-40% of such cases [2, 3].
Gastrointestinal follicular lymphoma (GI-FL) has been
described as a rare disease that is estimated to account
for only 1.0-6.0% of GI-NHL cases [4-7]. However, after
a description by Misdraji et al. in 1997, GI-FL has been
increasingly reported in the literature [6, 8, 9].
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and frequency of IgH/BCL2 rearrangements as nodal FL
(N-FL) [8, 10-12]. However, evidence of unique clinical
and biological characteristics have led GI-FL to be con-
sidered as a separate variant of FL [6, 8, 10, 13-18]. The
most notable of these traits has been a characteristic
presentation in the small intestine as localized disease with
grade I histology, which contrasts to the typically dis-
seminated and higher grade-presentation of N-FL [8, 11,
13-15, 19-21]. Additionally, GI-FL has been described as
possessing cellular and molecular characteristics not seen
in cases of N-FL, which instead show similarity to
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mucosa-associated lymphoid tissue (MALT) lymphoma
(17, 18, 22].

GI-FL is linked to an excellent prognosis and a more
indolent clinical course than N-FL after previous studies
have consistently lacked observed patient death [8, 15,
19, 20, 23]. However, long-term outcomes remain unclear,
as past examinations have consisted of small cohort sizes
and limited patient follow-up [8]. With no guidelines
existing for the management of GI-FL, understanding dif-
ferences in survival among primary sites would likely aid
clinical decision-making. Thus, we reported the overall
survival (OS) and associated prognostic factors of GI-FL
with a special emphasis on primary site through an analysis
of a large population-based database, the Surveillance,
Epidemiology and End Results Registry (SEER).

Methods

Patients and methods

The SEER database was used to derive data regarding
clinical features, treatment, and outcomes of patients diag-
nosed with GI-FL from the years of 1974 through 2011.
Data was derived from SEER 17 United States cancer
registries participating in SEER program using SEER*STAT
version 8.1.5 (NCI, Bethesda, MD).

GI-FL cases were identified using the International
Classification of Disease forOncology, Third Edition (ICD-
O-3) histology codes categorizing them into grade 1
(9695/3), grade 2 (9691/3), grade 3 (9698/3), grade NOS
(9690/3). GI primary site was identified using ICD-O-3
site codes C160-C209. Case listings of GI-FL patients were
abstracted along with associated variables of interest, which
included socio-demographic features, histological grade
and extent of disease, node positive disease, anatomical
site, radiation therapy, and surgical intervention. Cases
were excluded if patient age was <18 years and if details
regarding the use of radiation or surgery were unknown.
Anatomic primary sites for analysis included the stomach,
small intestine, and colorectum. Specific SEER small intes-
tinal subsite categories included multi-site disease and
single-site involvement at the duodenum, jejunum, and
ileum. Subsite categories were combined for analysis after
studies investigating small intestinal GI-FL with double
balloon enteroscopy (DBE) or capsule endoscopy (CE)
had evidenced >80% of the cases to have involvement at
multiple subsites [15, 24-26]. Disease stage was classified
as localized (Ann Arbor stage I), regional (Ann Arbor
stage II), and advanced (Ann Arbor stage III and IV). A
fourth category of cases with unknown staging was also
included for analysis. Node positivity is a category based
on diagnosis of regional lymph nodes by a pathologist.
Any case that had >1 regional lymph node diagnosed
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with disease was considered as node positive, cases with
missing data regarding node positivity were categorized
as unknown.

Statistical analysis

SEER*Stat software (version 8.1.5, NCI) was utilized to
calculate incidence rates from 1973 to 2010. Incidence
data were age-adjusted and normalized to the year 2000
US standard population.

All continuous data were summarized as mean and
compared between anatomic locations using analysis of
variance (ANOVA) and subsequent post-hoc evaluation
using Bonferroni multiple-comparison test. Categorical data
were reported as frequencies and compared using chi-square
or fisher’s exact test, as appropriate. Kaplan—-Meier time
to event analysis and log-rank tests were performed to
calculate and compare survival between covariates of inter-
est. Follow-up time was calculated from the date of a
patient’s initial diagnosis until the date of last contact or
date of death. Time to mortality was modeled as function
of variables described above, using Cox proportional hazard
models. All comparisons were considered significant when
two-sided P < 0.05. Missing values in categorical variables
were treated as a level within the corresponding variable
and included in the analysis to account for impact of
missing data on association of other variables with mortal-
ity. All analyses were performed using Stata Statistical
Software: Release 13; StataCorp LP, College Station, TX.

Results

A total of 1109 GI-FL cases were identified from the
SEER database after applying the study’s exclusion criteria.
An age-adjusted incidence rate of 4.3 patients per 100,000
was observed. The most common primary site was the
small intestine (63.6%) followed by the stomach (18.2%)
and colorectum (18.2%) as shown in Table 1. Among
the small intestinal subsites, multi-site involvement was
most often present (24.1%) followed by single-site occur-
rences at the duodenum (14.3%), ileum (13.8%), and
jejunum (11.5%).

Table 1. Gastrointestinal follicular lymphoma primary site distribution.

Primary site Frequency (%)
Stomach 202 (18.2)
Small intestine 705 (63.6)
Duodenum 158 (14.2)
Jejunum 127 (11.5)
lleum 153 (13.8)
Multi-Site 267 (24.1)
Colorectum 202 (18.2)
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Table 2. Baseline characteristics and comparisons within primary site categories.

Overall Stomach Small intestine Colorectum
Variable (N=1109) (N =202) (N =705) (N =202) P-value
Sex 0.3
Male 579 (52.2) 101 (50.0) 363 (51.5) 115 (56.9)
Female 530 (47.8) 101 (50.0) 342 (48.5) 87 (43.1)
Age, y <0.001
20-50 168 (15.2) 20(9.9) 117 (16.6) 31(15.4)
51-65 394 (35.5) 54 (26.7) 268 (38.0) 72 (35.6)
>66 547 (49.3) 128 (63.4) 320 (45.4) 99 (49.0)
Race 0.001
White 897 (80.9) 148 (73.3) 598 (84.8) 151 (74.8)
Black 51 (4.6) 9 (4.5) 31(4.4) 11 (5.5)
Hispanic 75 (6.8) 23(11.4) 31(4.4) 21(10.4)
Asian/Pacific Islander 74 (6.7) 20(9.9) 39 (5.5) 15(7.4)
Other 12(1.1) 2 (1.0) 6(0.9) 4(2.0)
Grade <0.001
| 458 (41.3) 39(19.3) 339 (48.1) 80 (39.6)
Il 206 (18.6) 36 (17.8) 137 (19.4) 33(16.3)
1] 173 (15.6) 67 (33.2) 8(11.1) 28(13.9)
Unknown 272 (24.5) 60 (29.7) 151 (21.4) 61(30.2)
Stage <0.001
Stage | 358 (35.3) 43(21.3) 223 (31.6) 2 (45.5)
Stage Il 200 (18.0) 14 (6.9) 154 (21.8) 2 (15.8)
Stage IV 167 (15.1) 40 (19.8) 8(13.9) 29 (14.4)
Unknown 384 (34.6) 105 (52.0) 230 (32.6) 9 (24.3)
Node Positive 0.02
Yes 94 (8.5) 25(12.4) 59 (8.4) 10 (5.0)
No 274 (24.7) 47 (23.3) 186 (26.4) 41(20.3)
Unknown 741 (66.8) 130 (64.4) 460 (65.3) 151 (74.8)
Radiation <0.001
Yes 131(11.8) 40 (19.8) 68 (9.7) 23(11.4)
No 978 (88.2) 162 (80.2) 637 (90.4) 179 (88.6)
Surgery <0.001
Yes 718 (64.7) 92 (45.5) 488 (69.2) 138 (68.3)
No 391 (35.3) 110 (54.5) 217 (30.8) 64 (31.7)

N, number of patients; y, years.

Table 2 shows baseline characteristics and comparisons
within GI-FL primary sites categories. Males comprised
52.2% of the cohort with no significant difference in gender
observed (P = 0.3). Significant differences in ethnicity
(P = 0.001) and age (P < 0.001) were observed with white
patients (80.9%) and those with ages 266 years (49.3%)
seen with greatest frequency. Among primary sites, colo-
rectal cases were more often diagnosed at a localized stage
(Stage I, 45.5%) than gastric (21.3%) or small intestinal
cases (31.6%, P < 0.001). Advanced histological disease
(Grade III) was least often seen in the small intestine
(11.1%) compared to the colorectum (13.9%) or stomach
(33.2%, P < 0.001). Likewise, low-grade histology (Grade
I) was significantly more frequent (P < 0.001) among
small intestinal cases (48.1%) compared to colorectal cases
(39.6%) or gastric cases (19.3%). The majority of the cases
lacked data regarding node positivity (66.8%). Of 1109
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patients with GI-FL, 64.7% of cases were treated with
surgery while 11.8% were treated with radiation.
Univariate Cox regression models (Table 3) showed that
advanced age (age 266 years hazard ratio (HR) = 5.36,
95% CI: 3.75-7.66, P < 0.001), histological grade (grade
III HR = 1.61, 95% CI: 1.27-2.05, P < 0.001) and stage
(Stage III/TV stage HR = 1.43; 95% CI: 1.05-1.95; P = 0.02)
were associated with mortality. Better survival was pre-
dicted by small intestinal primary site involvement
(HR = 0.70, 95% CI: 0.55-0.89, P = 0.004). Factors asso-
ciated with mortality on multivariate Cox regression models
(Table 4) included older age, advanced stage, and histol-
ogy. Longer outcomes were predicted by small intestinal
involvement. Patients with ages between 51 and 65 years
and 266 years were 2.1-fold (HR: 2.11, 95% CI: 1.45 —
3.09; P < 0.001) and 5.5-fold (HR: 5.46, 95% CI: 3.80-7.84,
P < 0.001) more likely to die during follow-up than
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Table 3. Univariate Cox proportional regression models for predictors
of mortality.

J. Chouhan et al.

Table 4. Multivariate Cox proportional regression models for predictors
of mortality.

Variable Hazard ratio (95% Cl) P-value Variable Hazard ratio (95% Cl) P-value
Sex Sex
Male 1.16 (0.97-1.38) 0.1 Male 1.19 (1.00-1.42) 0.05
Female 1 Reference Female 1 Reference
Age, y Age, y
20-50 1 Reference 20-50 1 Reference
51-65 2.04 (1.40-2.97) <0.001 51-65 2.1 (1.45-3.09) <0.001
>66 5.36 (3.75-7.66) <0.001 >66 5.46 (3.80-7.84) <0.001
Race Race
White 1 Reference White 1 Reference
Black 1.08 (0.71-1.63) 0.7 Black 1.21 (0.80-1.83) 0.4
Hispanic 1.20 (0.86-1.69) 0.3 Hispanic 1.14 (0.80-1.61) 0.5
Asian/Pacific Islander 1.03 (0.72-1.47) 0.9 Asian/Pacific Islander 0.96 (0.67-1.38) 0.8
Other 0.81 (0.26-2.53) 0.7 Other 0.88 (0.28-2.76) 0.8
Primary Site Primary Site
Stomach 1.25 (0.94-1.63) 0.1 Stomach 0.91 (0.67-1.22) 0.5
Small Intestine 0.7 (0.55-0.89) 0.004 Small Intestine 0.66 (0.51-0.85) 0.001
Colorectum 1 Reference Colorectum 1 Reference
Grade Grade
I 1 Reference | 1 Reference
I 1.30 (1.02-1.65) 0.04 Il 1.23 (0.96-1.57) 0.10
Il 1.61 (1.27-2.05) <0.001 1l 1.42 (1.10-1.83) 0.007
Unknown 1.41 (1.12-1.78) 0.004 Unknown 1.39 (1.09-1.76) 0.008
Stage Stage
Stage | 1 Reference Stage | 1 Reference
Stage Il 0.82 (0.59-1.14) 0.2 Stage I 1.02 (0.73-1.44) 0.9
Stage IV 1.43 (1.05-1.95) 0.02 Stage llIi/IV 1.57 (1.15-2.16) 0.005
Unknown 1.29 (1.01-1.63) 0.04 Unknown 1.46 (1.14-1.88) 0.003
Node positive Node positive
Yes 1.30 (0.95-1.79) 0.1 Yes 1.15 (0.83-1.59) 0.4
No 1 Reference No 1 Reference
Unknown 1.03 (0.85-1.27) 0.7 Unknown 0.95 (0.77-1.16) 0.6
Radiation Radiation
Yes 0.76 (0.58-0.98) 0.04 Yes 0.88 (0.67-1.16) 0.4
No 1 Reference No 1 Reference
Surgery Surgery
Yes 0.92 (0.76-1.13) 0.5 Yes 0.91 (0.74-1.12) 0.4
No 1 Reference No 1 Reference
Cl, confidence interval; y, years. Cl, confidence interval; y, years.
patients with ages <50 years. Cases with advanced (Stage longer outcomes (median OS = 165 months; 5-year
II/IV) and unknown stage were 1.6-fold (HR: 1.58; 95% OS = 80.9% [95% CI: 77.7-83.7]; 10-year OS = 62.7%

CL: 1.15-2.16; P = 0.005) and 1.4-fold (HR: 1.46, 95%
CI: 1.14-1.88, P = 0.003) more likely to die on follow-up
compared to cases with localized stage. Cases with grade
II and unknown histology were similarly 1.4-fold (HR:
1.42, 95% CI: 1.10-1.83, P = 0.007) and 1.4-fold (HR:
1.39, 95% CI: 1.09-1.76, P = 0.008) more likely to pass
during follow-up than those with grade 1 disease.
Conversely, small intestinal cases were 34% less likely to
die on follow-up than those with colorectal disease (HR:
0.66, 95% CI: 0.51-0.85, P = 0.001)).

Table 5 illustrated survival related to GI-FL with sig-
nificant differences in outcomes (P < 0.001) noted among
primary sites of involvement. Small intestinal GI-FL had
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[95% CI: 58.1-66.9]) compared to gastric GI-FL (median
OS = 68 months; 5-year OS = 52.7% [95% CI: 45.4-59.4];
10-year OS = 40.0% [32.6-47.4]) or colorectal GI-FL
(median OS = 106 months; 5-year OS = 71.5% [95%
CI: 64.5-77.4]; 10-year OS = 46.4% [95% CI: 36.6-55.5]).
Cases diagnosed with advanced stage (Stage III/IV) had
the worst outcomes (median OS = 129 months, 5-year
OS = 68.2% [95% CI: 60.3-74.9]; 10-year OS = 54.4%
[95% CI: 43.8—63.8]) among cases where staging informa-
tion was available. Stage I had the highest median OS
(median OS = 138 months) among all staging categories,
but had a 5-year OS (5-Year OS = 79.0% [95% CI:
74.2-83.0]) and a 10-year OS (10-Year OS = 57.8% [95%

© 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 5. Survival of gastrointestinal follicular lymphoma.

Survival Analysis of GI-FL

Variable Median OS, m 5-Year OS (95% Cl) 10-Year OS (95% Cl) P-value
Age, y <0.001
20-50 327 90.9 (85.1-94.6) 82.0(73.7-87.9)
51-65 204 86.7 (82.9-89.8) 68.8 (62.6-74.2)
>66 89 59.9 (55.6-64.0) 39.1(34.0-44.0)
Primary site <0.001
Stomach 68 52.7 (45.4-59.4) 40.0 (32.6-47.4)
Small intestine 165 80.9 (77.7-83.7) 62.7 (58.1-66.9)
Colorectum 106 71.5(64.5-77.4) 46.4 (36.6-55.5)
Grade 0.0003
| 167 80.4 (76.4-83.9) 63.9 (58.4-68.9)
Il 125 72.2 (65.4-77.9) 52.9 (44.3-60.7)
1] 102 64.3 (56.5-71.1) 45.3 (36.8-53.3)
Unknown 115 70.7 (64.7-75.8) 49.7 (40.3-58.4)
Stage 0.004
Stage | 138 79.0 (74.2-83.0) 57.8 (49.6-65.1)
Stage Il 1 79.8 (73.3-84.9) 69.5 (60.7-76.7)
Stage IV 129 68.2 (60.3-74.9) 54.4 (43.8-63.8)
Unknown 123 69.2 (64.3-73.6) 51.0 (45.8-56.0)
Node positive 0.3
Yes 134 65.8 (55.2-74.4) 50.9 (39.5-61.2)
No 129 76.2 (70.7-80.8) 56.6 (49.7-62.9)
Unknown 145 74.1(70.7-77.3) 56.2 (51.5-60.7)
Surgery 0.5
Yes 138 75.0(71.5-78.0) 56.3 (52.0-60.4)
No 145 72.3(67.3-76.6) 54.9 (47.8-61.4)
Radiation 0.04
Yes 195 80.7 (72.8-86.5) 64.7 (54.7-73.0)
No 136 73.1(70.1-75.8) 54.4 (50.4-58.2)

Cl, confidence interval; m, months; OS, overall survival; y, years.
TIndicates that disease-specific median OS was not reached.

CL: 49.6-65.1]) that was lower than stage II disease (5-
year OS = 79.8% [95% CI: 73.3-84.9]; 10-year OS = 69.5%
[95% CI: 60.7-76.7]). Cases with grade I histology (median
OS = 167 months; 5-year OS = 80.4% [95% CI: 76.4—83.9];
10-year OS = 63.9% [95% CI: 58.4-68.9]) had significantly
longer outcomes (P < 0.001) than cases of any other
grade category. Patients with ages >66 years had statisti-
cally worse outcomes (P < 0.001) compared to any other
age group (median OS = 89 months, 5-year OS = 59.9%
[95% CI: 55.6-64.0], 10-year OS = 39.1% [95% CI:
34.0-44.0]). No significant differences in outcomes were
observed among cases diagnosed with nodal positivity
(P = 0.3) or those receiving surgery (P = 0.5). However,

significantly longer outcomes (P = 0.04) were observed
among  cases treated with radiation (median
OS = 195 months; 5-year OS = 80.7% [95% CI: 72.8-86.5];
10-year OS = 64.7% [95% CI: 54.7-73.0]).

Table 6 demonstrated the results of a separate survival
analysis of localized GI-FL cases (Stage I), diagnosed as
having spread no farther than the GI primary site of
origin. This was included, as some controversy exists over
the definition of GI-FL, specifically the ability to determine
primary site of origin in cases with nodal involvement
[5, 8, 27]. Only cases diagnosed with grade I and grade
IT histology were included, as grade IIIB FL has been
reported to have an aggressive clinical course similar to

Table 6. Survival of localized stage (Stage |) and low-grade (Grade I/ll) gastrointestinal follicular lymphoma.

Variable N Median OS, m 5-Year OS (95% Cl) 10-Year OS (95% Cl) P-value
Primary site 0.04
Stomach 9 51 41.7 (10.0-70.8) 41.7 (10.0-70.8)
Small intestine 147 144 83.1(75.5-88.5) 64.1(51.5-74.3)
Colorectum 47 124 81.9 (66.9-90.6) 55.8 (34.1-72.8)
Cl, confidence interval; m, months; N, number of patients; OS, overall survival.
© 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 2673
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diffuse large B-cell lymphoma [28]. Among these cases,
a significant difference in survival (P = 0.04) was noted
with small intestinal GI-FL having the longest outcomes
(median OS = 144 months; 5-year OS = 83.1% [95%
CI: 75.5-88.5], 10-year OS = 64.1% [95% CI: 51.5-74.3])
followed by colorectal GI-FL (median OS = 124 months;
5-year OS = 81.9% [95% CIL 66.9-90.6]; 10-year
OS = 55.8% [95% CI: 34.1-72.8]) and gastric GI-FL
(median OS = 51 months, 5-year OS = 41.7% [95% CI:
10.0-70.8]; 10-year OS = 41.7% [95% CI: 10.0-70.8]).

Discussion

GI-FL is a rare subtype of GI-NHL that has been increas-
ingly reported in the literature. The disease has been
associated with a lack of patient death and an especially
indolent course; however, OS and prognostic factors
remain unclear. This study represents the largest inves-
tigation of GI-FL to date and is the first to utilize a
population-based database for analysis. Through our study,
GI-FL was observed as being more frequently diagnosed
among Caucasian patients (80.9%) and those with age
266 years (49.3%). Similar to previous examinations, GI-
FL was most commonly diagnosed with small intestinal
involvement (63.6%) and grade I histology (41.3%) when
histological data were available. Among primary sites,
cases of small intestinal GI-FL had a significantly longer
survival (5-year OS = 80.9%, P < 0.001) compared to
those involving the stomach (5-year OS = 52.7%) or
colorectum (5-year OS = 71.5%). Through multivariate
analysis, small intestinal involvement was found to inde-
pendently predict longer outcomes (P = 0.001). Together,
these results characterize GI-FL as having shorter outcomes
than previously suggested by the literature and indicate
a potential prognostic role for small intestinal involve-
ment in the future.

Previous studies have characterized GI-FL as showing
predilection for small intestinal involvement with 64% to
94% of previous populations diagnosed with related disease
[15, 20, 23, 29, 30]. Duodenal GI-FL has made up the
majority of these cases and has comprised 38% to 89%
of previous study cohorts [13, 15, 20, 23, 29, 30]. However,
recent examinations utilizing more comprehensive small
bowel DBE and CE for investigation have demonstrated
small intestinal GI-FL to have a predominantly multifocal
nature with involvement of multiple subsites. These studies
have evidenced involvement beyond the duodenum in
80—85% of small intestinal cases and additional jejunoileal
involvement in 73-85% of cases previously diagnosed with
duodenal disease [15, 24-26]. Similar to the literature’s
descriptions, small intestinal GI-FL made up the majority
of our cohort (63.5%). However, we were limited in the
ability to characterize overall disease involvement at each
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subsite secondary to SEER’s lack of segmental delineation
in multi-segment cases.

GI-FL has been characterized as having an excellent
prognosis and a more indolent clinical course than N-FL.
This has come after a consistent lack of observed patient
death in previous studies of GI-FL, which was reflected
in a review conducted by Yamamoto et al. that only found
eight reported patient deaths out of 193 GI-FL cases [8].
Similarly, in a multicenter retrospective study that was
one of the largest single investigations of GI-FL in the
literature, Takata et al. reported a 100% 5-Year OS among
125 patients with stage I and II GI-FL [15]. Although
no direct comparison can be made to prior studies of
GI-FL, we observed the survival at each of our study’s
primary sites to appear significantly lower than past char-
acterizations of GI-FL. Conversely, the 5-Year OS of our
cases that involved the small intestine (5-Year OS = 80.9%)
and colorectum (5-Year OS = 71.5%) appeared comparable
to previously reported outcomes of N-FL (5-Year
OS = X-X%). The gastric GI-FL cases of our study, how-
ever, were noted to have an especially poor survival (5-Year
0S = 52.7%) [21, 31, 32].

Because GI-FL is subject to varying interpretations in
the literature, we performed a separate survival analysis
of cases isolated to the GI tract (Table 6) [5, 8, 27].
However, the outcomes from this analysis appeared similar
to our overall cohort and lower than past GI-FL studies
[8, 15, 19, 20, 23, 29]. Potential reasons for the difference
in outcomes may lie in dietary, environmental, or genetic
factors, as the majority of GI-FL reports have come from
Asia, specifically Japan and in patients of younger ages
[8, 14, 15, 33-35]. Routine use of upper endoscopy in
those countries may have also played a role [6, 15].
However, a more probable explanation is the relatively
short 24.5-month median follow-up time of previous
examinations. Additionally, the smaller populations of
those studies may have created an aspect of reporting
bias with respect to positive outcomes.

A precedent for lymphoma primary site, serving prog-
nostic significance was made in cases of cutaneous B-Cell
lymphoma with leg involvement, which were initially found
to have worse outcomes than other primary sites before
a biological basis was discovered to account for the dif-
ferences [36-39]. In our study, small intestinal GI-FL cases
had significantly longer outcomes (P < 0.001) than gastric
or colorectal diseases, while involvement independently
predicted for survival through multivariate analysis. This
may indicate a potential prognostic role for small intestinal
involvement in the future. If correct, explanation may
come from past GI-FL examinations that have focused
on the duodenal segment and have described cellular and
molecular characteristics similar to those seen in cases of
MALT lymphoma [6, 14, 16-18]. These similarities have
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included the usage of immunoglobulin heavy chains,
expression of activation-induced cytidine deaminase, and
lack of the follicular dendritic cell meshworks commonly
seen among cases of N-FL [6, 17-19]. More recently, GI-
FL has been evidenced as having a gene expression profile
more similar to MALT lymphoma than N-FL [22].

Although current guidelines are not available for the
management of GI-FL, some reports have suggested a
“watch-and-wait” approach as an appropriate initial man-
agement strategy for asymptomatic patients with low- grade,
low-stage disease [19, 23, 29, 40]. No definitive manage-
ment recommendations can be made from this study
secondary to the retrospective nature, and because radiation
and surgery lacked prognostic significance in our analysis.
However, we feel a more aggressive management approach
may be warranted for future cases given the lower survival
observed in our cohort in addition to reports that have
described cases of GI-FL showing an excellent response
to various management strategies [8, 23].

There are limitations with the use of the SEER database
specific to this study. Important prognostic factors regard-
ing FL, specifically two of the four categories (Hemoglobin
and LDH) of the Follicular Lymphoma International
Prognostic Index (FLIPI) were not available for analysis.
Having this data may have caused primary site, age, extent
of disease, and histology to lack prognostic significance.
However, FLIPI has been suggested to not confer prog-
nostic significance in cases of GI-FL and a study by Kiess
et al. found that FLIPI did not predict outcomes among
40 patients with Stage I and II GI-FL [19, 23].

This study also contains limitations shared by all exami-
nations utilizing the SEER database. One limitation includes
data that is based on coding from medical records with
no accessible pathological data to confirm a diagnosis.
However, there is a reported 93% consensus agreement
in the diagnosis of FL, which is the highest among NHL
subtypes [21]. SEER is additionally limited by cases that
are missing in categorical information. Because this study
included such cases, notably those with missing data
regarding disease stage and histologic grade, selective or
variable reporting may have biased our survival analysis.
The SEER database also lacks important treatment infor-
mation regarding radiotherapy such as treatment dose,
and whether therapy may be neoadjuvant or adjuvant in
nature. Information is also lacking regarding chemotherapy
and immunotherapy, both considered important treatment
modalities in the management of FL.

Although the SEER database has limitations, it allowed
for examination of long-term outcomes associated with a
rare tumor. Currently, this study represents the largest
examination of GI-FL to date. With the relative rarity of
GI-FL, we feel that it would have been difficult for any
single or multi-center study to reproduce our examination’s
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results. SEER also allowed for GI-FL to be characterized
among a cohort that reflected the United States popula-
tion. We feel this is important given that NHL has been
shown to have a variable distribution around the world,
and because the majority of reported GI-FL cases have
come from Japan where it has been suggested to be more
prevalent [8, 14, 33].

In conclusion, GI-FL has shorter outcomes than previ-
ously suggested. Primary site may serve as a potential tool
for identifying cases with longer outcomes and guiding
clinical decisions. In our study, small intestinal GI-FL cases
had longer outcomes than those of other primary sites with
related involvement independently predicting for survival
through multivariate analysis. The potential predictive value
of small intestinal involvement may be explained by distinct
cellular and molecular characteristics as evidenced by prior
studies with further investigations still needed in the future.

Conflict of Interest

No conflicts of interest exist.

References

1. Jemal, A., F. Bray, M. M. Center, J. Ferlay, E. Ward,
and D. Forman. 2011. Global cancer statistics. CA
Cancer J. Clin. 61:69-90.

2. d’Amore F., B. E. Christensen, H. Brinker, N. T.
Pedersen, K. Thorling, J. Hastrup, et al. 1991.
Clinicopathological features and prognostic factors in
extranodal non-hodgkin lymphomas. danish LYFO study
group. Eur. J. Cancer. 27:1201-1208.

3. Cirillo, M., M. Federico, G. Curci, E. Tamborrino, L.
Piccinini, and V. Silingardi. 1992. Primary
gastrointestinal lymphoma: a clinicopathological study of
58 cases. Haematologica 77:156-161.

4. Filippa, D. A, P. H. Lieberman, D. N. Weingrad, J. J.
Decosse, and S. S. Bretsky. 1983. Primary lymphomas of
the gastrointestinal tract. analysis of prognostic factors
with emphasis on histological type. Am. J. Surg. Pathol.
7:363-372.

5. Lewin, K. J.,, M. Ranchod, and R. F. Dorfman. 1978.
Lymphomas of the gastrointestinal tract: a study of 117
cases presenting with gastrointestinal disease. Cancer
42:693-707.

6. Yoshino, T., K. Miyake, K. Ichimura, et al. 2000.
Increased incidence of follicular lymphoma in the
duodenum. Am. J. Surg. Pathol. 24:688—693.

7. Nakamura, S., and T. Matsumoto. 2013. Gastrointestinal
lymphoma: recent advances in diagnosis and treatment.
Digestion 87:182-188.

8. Yamamoto, S., H. Nakase, K. Yamashita, et al. 2010.
Gastrointestinal follicular lymphoma: review of the
literature. J. Gastroenterol. 45:370-388.

2675



Survival Analysis of GI-FL

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Misdraji, J. 1997. Fernandez del Castillo C, Ferry JA.
Follicle center lymphoma of the ampulla of vater
presenting with jaundice: report of a case. Am. J. Surg.
Pathol. 21:484-488.

Bende, R. J., L. A. Smit, J. G. Bossenbroek, et al. 2003.
Primary follicular lymphoma of the small intestine:
alphadbeta7 expression and immunoglobulin
configuration suggest an origin from local antigen-
experienced B cells. Am. J. Pathol. 162:105-113.

Bende, R. J., L. A. Smit, and C. J. van Noesel. 2007.
Molecular pathways in follicular lymphoma. Leukemia
21:18-29.

Damaj, G., V. Verkarre, A. Delmer, et al. 2003. Primary
follicular lymphoma of the gastrointestinal tract: a study of
25 cases and a literature review. Ann. Oncol. 14:623-629.
Shia, J., J. Teruya-Feldstein, D. Pan, et al. 2002. Primary
follicular lymphoma of the gastrointestinal tract: a clinical
and pathologic study of 26 cases. Am. J. Surg. Pathol.
26:216-224.

Takata, K., T. Miyata-Takata, Y. Sato, and T. Yoshino.
2014. Pathology of follicular lymphoma. J. Clin. Exp.
Hematop. 54:3-9.

Takata, K., H. Okada, N. Ohmiya, et al. 2011. Primary
gastrointestinal follicular lymphoma involving the
duodenal second portion is a distinct entity: a
multicenter, retrospective analysis in japan. Cancer Sci.
102:1532-1536.

Sato, Y., K. Ichimura, T. Tanaka, et al. 2008. Duodenal
follicular lymphomas share common characteristics with
mucosa-associated lymphoid tissue lymphomas. J. Clin.
Pathol. 61:377-381.

Takata, K., Y. Sato, N. Nakamura, et al. 2009.
Duodenal and nodal follicular lymphomas are distinct:
the former lacks activation-induced cytidine deaminase
and follicular dendritic cells despite ongoing somatic
hypermutations. Mod. Pathol. 22:940-949.

Takata, K., Y. Sato, N. Nakamura, et al. 2013.
Duodenal follicular lymphoma lacks AID but expresses
BACH2 and has memory B-cell characteristics. Mod.
Pathol. 26:22-31.

Schmatz, A. 1., B. Streubel, E. Kretschmer-Chott, et al.
2011. Primary follicular lymphoma of the duodenum is
a distinct mucosal/submucosal variant of follicular
lymphoma: a retrospective study of 63 cases. J. Clin.
Oncol. 29:1445-1451.

Tari, A., H. Asaoku, M. Kunihiro, S. Tanaka, M.
Fujihara, and T. Yoshino. 2011. Clinical features of
gastrointestinal follicular lymphoma: comparison with
nodal follicular lymphoma and gastrointestinal MALT
lymphoma. Digestion 83:191-197.

1997. A clinical evaluation of the international
lymphoma study group classification of non-hodgkin’s
lymphoma. the non-hodgkin’s lymphoma classification
project. Blood 89:3909-3918. Available at http://www.

2676

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

J. Chouhan et al.

bloodjournal.org.ezproxyhost.library.tmc.edu/
content/89/11/3909.long?sso-checked=true

Takata, K., M. Tanino, D. Ennishi, et al. 2014. Duodenal
follicular lymphoma: comprehensive gene expression
analysis with insights into pathogenesis. Cancer Sci.
105:608—-615.

Kiess, A. P., and J. Yahalom. 2013. Primary follicular
lymphoma of the gastrointestinal tract: effect of stage,
symptoms and treatment choice on outcome. Leuk.
Lymphoma 54:177-180.

Higuchi, N., Y. Sumida, K. Nakamura, et al. 2009.
Impact of double-balloon endoscopy on the diagnosis of
jejunoileal involvement in primary intestinal follicular
lymphomas: a case series. Endoscopy 41:175-178.
Kodama, M., Y. Kitadai, T. Shishido, et al. 2008.
Primary follicular lymphoma of the gastrointestinal
tract: a retrospective case series. Endoscopy 40:343-346.
Nakamura, S., T. Matsumoto, J. Umeno, et al. 2007.
Endoscopic features of intestinal follicular lymphoma:
the value of double-balloon enteroscopy. Endoscopy
39(Suppl 1):E26-E27.

Dawson, I. M., J. S. Cornes, and B. C. Morson. 1961.
Primary malignant lymphoid tumours of the intestinal
tract. report of 37 cases with a study of factors
influencing prognosis. Br. J. Surg. 49:80-89.

Campo, E., S. H. Swerdlow, N. L. Harris, S. Pileri, H.
Stein, and E. S. Jaffe. 2011. The 2008 WHO
classification of lymphoid neoplasms and beyond:
evolving concepts and practical applications. Blood
117:5019-5032.

Jain, V. K., B. Bystricky, A. C. Wotherspoon, I. Chau,
and D. Cunningham. 2012. Primary follicular lymphoma
of the GI tract: an increasingly recognized entity. J.
Clin. Oncol. 30:e370-e372.

Misdraji, J., N. L. Harris, R. P. Hasserjian, G. Y.
Lauwers, and J. A. Ferry. 2011. Primary follicular
lymphoma of the gastrointestinal tract. Am. J. Surg.
Pathol. 35:1255-1263.

Federico, M., U. Vitolo, P. L. Zinzani, et al. 2000.
Prognosis of follicular lymphoma: a predictive model
based on a retrospective analysis of 987 cases.
intergruppo italiano linfomi. Blood 95:783-789.
Armitage, J. O., and D. D. Weisenburger. 1998. New
approach to classifying non-hodgkin’s lymphomas:
clinical features of the major histologic subtypes.
non-hodgkin’s lymphoma classification project. J. Clin.
Oncol. 16:2780-2795.

Anderson, J. R., J. O. Armitage, and D. D.
Weisenburger. 1998. Epidemiology of the non-hodgkin’s
lymphomas: distributions of the major subtypes differ
by geographic locations. non-hodgkin’s lymphoma
classification project. Ann. Oncol. 9:717-720.

Fernberg, P., E. T. Chang, K. Duvefelt, et al. 2010.
Genetic variation in chromosomal translocation breakpoint

© 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.


http://www.bloodjournal.org.ezproxyhost.library.tmc.edu/content/89/11/3909.long?sso-checked=true
http://www.bloodjournal.org.ezproxyhost.library.tmc.edu/content/89/11/3909.long?sso-checked=true
http://www.bloodjournal.org.ezproxyhost.library.tmc.edu/content/89/11/3909.long?sso-checked=true

J. Chouhan et al.

35.

36.

37.

and immune function genes and risk of non-hodgkin
lymphoma. Cancer Causes Control 21:759-769.

Wang, S. S., S. L. Slager, P. Brennan, et al. 2007. Family
history of hematopoietic malignancies and risk of
non-hodgkin lymphoma (NHL): a pooled analysis of 10
211 cases and 11 905 controls from the international
lymphoma epidemiology consortium (InterLymph).
Blood 109:3479-3488.

Grange, F., M. Beylot-Barry, P. Courville, et al. 2007.
Primary cutaneous diffuse large B-cell lymphoma, leg
type: clinicopathologic features and prognostic analysis
in 60 cases. Arch. Dermatol. 143:1144-1150.

Willemze, R., E. S. Jaffe, G. Burg, et al. 2005. WHO-
EORTC cdlassification for cutaneous lymphomas. Blood
105:3768-3785.

© 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

38.

39.

40.

Survival Analysis of GI-FL

Kodama, K., C. Massone, A. Chott, D. Metze, H. Kerl,
and L. Cerroni. 2005. Primary cutaneous large B-cell
lymphomas: clinicopathologic features, classification, and
prognostic factors in a large series of patients. Blood
106:2491-2497.

Hallermann, C., C. Niermann, R. J. Fischer, and H. J.
Schulze. 2007. New prognostic relevant factors in
primary cutaneous diffuse large B-cell lymphomas. J.
Am. Acad. Dermatol. 56:588-597.

Mori, M., Y. Kobayashi, A. M. Maeshima, et al. 2010.
The indolent course and high incidence of t(14;18) in
primary duodenal follicular lymphoma. Ann. Oncol.
21:1500-1505.

2677



