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Abstract

Background: Diffuse large B-cell lymphoma (DLBCL) constitutes 
30% of all non-Hodgkin’s lymphomas. It can present as a nodal dis-
ease or as an extra nodal disease. Based on the site of origin, extra 
nodal DLBCL (EN-DLBCL) may have a distinct clinical outcome. 
Apart from the site of origin, factors including demographics, stage, 
and presence of any other primary malignancy also affect the out-
come. The purpose of our study was to characterize prognostically 
distinct groups based on the site of presentation of EN-DLBCL.

Methods: We used 18 registries in Surveillance, Epidemiology, and 
End Results database to identify the patients with EN-DLBCL for 
2000 - 2015 with last follow-up till December 31, 2018. A total of 
30,290 EN-DLBCL patients were selected and categorized based on 
13 broad sites grouping. Demographic variables were summarized. 
We did overall survival analysis with univariate and multivariate 
Cox-proportional hazard modeling. Short-term survival trend was 
calculated as well.

Results: The percentage of EN-DLBCL of all DLBCLs is 34.48%. 
EN-DLBCL was comparatively seen more in males (54.94%) and 
non-Hispanic whites (71.52%). In terms of clinical characteristics, 
patients with EN-DLBCL were mostly diagnosed at age ≥ 60 years 
(66.11%), early stage (69.33%), and presentation as first primary can-
cer (81.89%). A higher risk of mortality was seen in non-Hispanic 
black (hazard ratio (HR) 1.36), with late age of onset (HR 2.69), late 
stage at presentation (HR 1.42), and with history of other malignancy 

(HR 1.29). Compared to the intestinal tract, the risk of overall mor-
tality was higher in individuals with involvement of nervous system 
(HR 1.85), pancreas and hepatobiliary system (HR 1.22), and respira-
tory system (HR 1.18) and the best outcomes were seen in heart and 
mediastinal site (HR 0.58) of DLBCL.

Conclusion: Based upon our population-based study, we conclude 
that primary site of presentation of EN-DLBCL is an important prog-
nostic factor with significant difference in survival based on histo-
logical and epidemiological characteristics.

Keywords: Diffuse large B-cell lymphoma; Non-Hodgkin’s lympho-
ma; Extra nodal diffuse large B-cell lymphoma; Epidemiology; SEER

Introduction

Diffuse large B-cell lymphoma (DLBCL) is one of the most 
common lymphoid neoplasms and represents 25-35% of all 
non-Hodgkin’s lymphomas (NHLs) [1, 2]. Most of the DLBCLs 
originate in lymph nodes, also known as the nodal DLBCL, but 
about 30-40% may present initially in extra nodal sites which is 
also known as extra nodal diffuse large B-cell lymphoma (EN-
DLBCL) [3]. The most common extra nodal site of origin is 
the gastrointestinal tract specifically in stomach and ileocecal 
region [4]. In practicality any other organ can be involved with 
DLBCL, e.g., head/neck, nervous system, genitourinary (espe-
cially testis), breast, heart/mediastinum, bone marrow, spleen, 
musculoskeletal, skin/soft tissue, pancreaticobiliary, respira-
tory tract, endocrine glands, among others. Known prognostic 
factors of nodal DLBCL include age, race, stage, performance 
status, immunodeficiency, B-symptoms, central nervous system 
(CNS) recurrence, bone marrow involvement, molecular sub-
types (i.e., germinal center B cell (GCB) and activated B cell 
(ABC) subtype), and genetics (relevant oncogene translocation, 
e.g., MYC gene, TP53 loss) [5]. It is expected that EN-DLBCL 
also has similar prognostic factors. Extra nodal involvement of 
DLBCL is considered a poor prognostic factor as per revised 
international prognostic index (IPI) [6, 7].

Despite common morphological characteristics, these 
tumors behave very differently than nodal DLBCL and need 
to be managed as a distinct entity. With ongoing research and 
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newer modalities of diagnosis, pathological description, risk 
stratification and management, there has been a significant im-
provement in the outcomes of nodal DLBCL. Although simi-
lar outcome trends are seen in cases of EN-DLBCL as well, 
descriptive studies and universal guidelines are still lacking. 
The purpose of our study was to use the large population-based 
data to identify prognostically important determinant of sur-
vival and qualify the risk of mortality based on the site of pres-
entation of EN-DLBCL compared to gastrointestinal tract, the 
most common site of EN-DLBCL.

Materials and Methods

This is an IRB exempted retrospective study executed by analy-
sis of data from the cancer patients in the Surveillance, Epide-
miology, and End Results (SEER) database. Ethical review and 
approval were waived for this study, due to the de-identified in-
formation of the patients included in the public SEER database. 
The population in SEER 18 represents 27.8% of US population 
based on 2010 US census and includes cancer cases from 18 
cancer registries across the United States which includes Alaska 
Native Tumor Registry, Connecticut, Detroit, Georgia Center 
for Cancer Statistics (Atlanta, Greater Georgia, and Rural Geor-
gia), Greater Bay Area Cancer Registry (San Francisco-Oakland 
and San Jose-Monterey), Greater California, Hawaii, Iowa, 
Kentucky, Los Angeles, Louisiana, New Mexico, New Jersey, 
Seattle-Puget Sound, and Utah. This database contains data 
from 2000 to 2018 of all the cancer patients in the registries. The 
SEER database is a standard for population study in the United 
States with a case ascertainment rate of 98%.

Study population

Individual patient level data were extracted from the SEER 18 
database by using SEER*Stat software (version 8.0.5; Surveil-
lance Research Program of the National Cancer Institute). The 
database was quarried for years 2000 - 2015 for the patients 
who were diagnosed with DLBCL and were selected based on 
the diagnostic codes from WHO-ICD-O codes, which included 
subtypes DLBCL, not otherwise specified (NOS)), intravascu-
lar large B-cell lymphoma, primary effusion lymphoma, and 
mediastinal large B-cell lymphoma. Information regarding the 
patients diagnosed with EN-DLBCL till December 31, 2015 
was collected. Patients with age ≥ 18 were included in the 
study. The data were retrieved for all patients diagnosed with 
DLBCL, irrespective of the site. EN-DLBCL was categorized 
based on the site recode ICD-O-3/WHO 2008 variable in the 
SEER database. Details of the selection algorithm are given in 
Supplementary Material 1 (www.thejh.org). There were 267 
sites included based on the site code mentioned in the SEER 
database. These 267 sites were categorized into 10 broad cat-
egories based on the organ involved. Sites included in each 
broad group are summarized in the Supplementary Material 2 
(www.thejh.org). Patients with unknown staging data and sur-
vival status were excluded. Patients who were diagnosed after 
the autopsy were also excluded from the study.

Study variables

The SEER registries record data on patient characteristics in-
cluding gender, age at diagnosis, ethnicity, stage on diagnosis, 
primary tumor site, vital status, cause of death, the month, and 
year of last follow-ups. Associations between the demograph-
ic, clinical, and pathologic characteristics of patients and sur-
vival were assessed. In our analysis of association between age 
and survival, we analyzed age as a categorical variable, with 
the following age intervals: ages ≤ 60 years and > 60 years. 
Age greater than 60 was taken as cutoff as considered as an 
adverse prognostic factor as per the IPI. Pathological infor-
mation included stage at diagnosis and type of NHL. We also 
categorized stages into two broad grouping early stages which 
included stage 1 and stage 2 diseases, whereas late disease 
consisted of stage 3 and stage 4 diseases.

Statistical analysis

Descriptive statistics were used to describe patient baseline 
characteristics. Categorical variables were compared by using 
Chi-square test. Overall survival (OS) was calculated as time 
from diagnosis to death from any cause. Survival curves were 
plotted by using Kaplan-Meier curves and survival analyses 
were performed by using a log-rank test. Life tables were con-
structed to analyze the 1-year and 3-year OS as percentage with 
95% confidence interval (95% CI). Patients were censored at 
the date of last follow-up in SEER, death or on December 31, 
2018, whichever came first.

To identify the determinant of outcome, all the covariates 
were analyzed in a univariate model and those with P-value 
< 0.20 were fitted into the multivariate model to analyze the 
effect of each covariate independent of the others. Multivari-
ate Cox proportional hazard model was used for the survival 
analyses. The strength of association between each predictor 
and survival was expressed as a hazard ratio (HR) along with a 
95% CI. All tests with two-sided P-value of 0.05 were consid-
ered statistically significant.

Results

In the SEER database, for study duration from 2000 to 2015, 
93,638 patients with age ≥ 18 were diagnosed with DLBCL, 
out of that 61,354 were nodal DLBCL and 32,284 were EN-
DLBCL. Proportion of EN-DLBCL was 34.48% (95% CI 
34.17 - 34.78). Of the patients, 1,956 were not included in the 
final analysis because of unavailability of stage and 38 were 
not included because of unavailability of survival months. 
A total of 30,290 patients were included in survival analysis 
(Fig. 1).

Patient characteristics

We have summarized the patient demography in Table 1. The 
median age of the study population was 69 years (95% CI 35 
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- 88). Majority of the patients aged ≥ 60 years (66.11%) at the 
time of diagnosis, except patients with heart and mediastinal 
DLBCL who were diagnosed at an earlier age with proportion 
of DLBCL diagnosed at or after 60 years were only 20.87%. 
Majority of the patients were male (54.94%). However, in 
subgroup analysis, males were noted to have comparatively 
lesser involvement of the endocrine organs (36.46%) and ex-
pectedly in the breast tissue (3.71%). EN-DLBCL was more 
common in non-Hispanic white (NHW) population represent-
ing 71.52%, followed by Hispanic (13%), African American 
(8.6%) and Asian (8%). Among NHW, incidence was dispro-
portionately more in endocrine organs (82.04%), skin and 
soft tissues (79.52%), respiratory tract (77.27%) and muscu-
loskeletal (76.66%) sites. Majority of cancer was diagnosed 
early in the course i.e., stage 1 and stage 2 diseases, as seen 
in 69.33% patients. Late-stage diagnosis was seen in case of 
involvement of bone marrow (94.53%). Most of the patients 
did not have any prior history of cancer diagnosis at the time 
of diagnosis of EN-DLBCL (81.89%). As expected, gastroin-
testinal tract (28.31%) was the most common site, followed by 
nervous system (13.78%), and head and neck site (11.79%). 
Description of site-specific demography and comparison with 
gastrointestinal tract is given in the Supplementary Material 3 
(www.thejh.org).

Survival analysis

On univariate analysis, all the variables included in the study 
were significant and hence, included for multivariate analysis 
(Tables 2 and 3). Kaplan-Meier curves were also plotted for 
all the variables. On multivariate analysis, late-onset cancer 
(age ≥ 60 years) had poor prognosis with HR of 2.69 (95% 
CI 2.59 - 2.79) when compared to patients diagnosed be-
fore the age of 60 years (Fig. 2a). Males were found to have 
small but significantly worse OS when compared to females 
(Fig. 2b). In case of ethnicity, African American patients had 
worse outcome with HR of 1.27 (95% CI 1.19 - 1.34) when 
compared to the NHW patients. Hispanic and Asian patients 
did not have significant difference when compared to NHW 
patients (Fig. 2c). Patients with advanced-stage disease had 
worse outcome with HR of 1.42 (95% CI 1.37 - 1.46) com-
pared to the early-stage diseases (Fig. 2d). Similarly, patients 
with previous history of cancer had worse outcome with HR 
of 1.29 (95% CI 1.24 - 1.33) when compared to patient with 
EN-DLBCL as first malignancy (Fig. 2e). For site-specific 
survival study, gastrointestinal tract was taken as the refer-
ence, as it is the most common site of involvement of EN-
DLBCL. On comparison to gastrointestinal tract, nervous 
system with HR of 2.15 (95% CI 2.04 - 2.26), pancreas and 
hepatobiliary sites with HR of 1.29 (95% CI 1.17 - 1.42), 
and respiratory tract with HR of 1.26 (95% CI 1.14 - 1.38) 
had significantly worse outcome. Site-specific overall me-
dian survival was reported for all, except heart and medias-
tinal sites, as median survival was not reached. Of all the 
sites, heart and mediastinum site had best survival outcome, 
whereas the worst median survival was seen for nervous sys-
tem 13 months (95% CI 11 - 14). Other site-specific survival 
details are listed in Table 3. Statistical significance was not 

met in case of EN-DLBCL involving bone marrow with HR 
of 0.87 (95% CI 0.56 - 1.37) and “others” site with HR of 
1.11 (95% 0.84 - 1.29). Heart and mediastinal sites had the 
best outcome with HR of 0.59 (95% CI 0.50 - 0.69). In addi-
tion, sites involving musculoskeletal, endocrine organs, head 
and neck, breast, skin and soft tissues and genitourinary tract 
were seen to have significantly better outcome when com-
pared to the gastrointestinal tract. Kaplan-Meier curves are 
plotted for site-specific OS in Figure 3.

Changing trend in survival

We calculated the 1-year and 3-year probability of OS for EN-
DLBCL. The 1-year OS probability steadily increased from 
66.70% (95% CI 66.70-69.10%) in the year 2000 to 70.60% 
(95% CI 68.70-72.60%) in the year 2015. Similar but better 
trends were seen in the 3-year OS probability which increased 

Figure 1. Flowchart showing the patient selection and exclusion for the 
study. Patients diagnosed between 2000 and 2015 and listed in SEER 
18 registries database were included in the study. Date cutoff for last fol-
low-up was December 31, 2018. DLBCL: diffuse large B-cell lymphoma.
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from 53.71% (95% CI 51.28-56.26%) in the year 2000 to 
60.60% (95% CI 58.60-62.70%) in the year 2015.

Discussion

To the best of our knowledge, this is the largest SEER database 

based observational study focusing on epidemiology, progno-
sis, and outcomes of patients with EN-DLBCL. We confirmed 
that the prognosis of EN-DLBCL is determined and influenced 
by the site of involvement, age of presentation, and stage of 
presentation, among various other factors. In accordance with 
previous reports, EN-DLBCL accounted for 34.35% of all 
DLBCLs [8, 9]. The most common sites as expected were gas-

Table 1.  Demographic and Clinical characteristic of the Study Population

Characteristics Patients (n) Percentage
Gender
  Male 16,641 54.94
  Female 13,649 45.06
Ethnicity
  Non-Hispanic white 21,664 71.52
  Asian American 1,969 6.50
  Hispanic 3,824 12.62
  Asian 2,606 8.60
  Other 227 0.75
Site
  Gastrointestinal tract 8,574 28.31
  Bone marrow 749 2.47
  Breast 754 2.49
  Endocrine organs 1,108 3.66
  Genitourinary 2,194 7.24
  Head and neck 3,572 11.79
  Heart and mediastinum 992 3.28
  Musculoskeletal 1,757 5.80
  Nervous system 4,174 13.78
  Others 698 2.30
  Pancreas and hepatobiliary 1,261 4.16
  Respiratory tract 1,566 5.17
  Skin and soft tissue 2,891 9.54
Stage
  Early 21,001 69.33
    Stage 1 14,827 48.95
    Stage 2 6,174 20.38
  Late 9,289 30.67
    Stage 3 1,544 5.10
    Stage 4 7,745 25.57
History of cancer
  No 24,804 81.89
  Yes 5,486 18.11
Age of onset
  Early (< 60 years) 10,266 33.89
  Late (≥ 60 years) 20,024 66.11
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trointestinal tract, head and neck, and nervous system [4, 8]. 
Most of the patients presented with early-stage EN-DLBCL, 
which could be attributed to the fact that the patients may pre-
sent earlier with localizing symptoms [8]. Patients with bone 
marrow involvement of DLBCL were classified as late stage 
because of the current Ann Arbor staging of DLBCL, which 
reflects the need of a separate staging system for EN-DLBCL. 

Most of the patients in our study presented at an older age. 
In agreement with the previous studies, gender distribution 
showed male predominance. Highest incidence was seen in 
the white population, which is again like prior reported studies 
[10].

Our study showed that the African American population 
had worse outcome when compared to NHW patients. In con-

Table 2.  Univariate and Multivariate analysis for Overall Survival with Cox-Proportional Hazard Model

Characteristics Univariate HR P-value Multivariate HR P-value
Gender
  Female Reference Reference
  Male 1.04 (1.01-1.07) 0.01 1.08 (1.05 - 1.12) < 0.001
Race
  Non-Hispanic white Reference Reference
  Non-Hispanic black 0.96 (0.90 - 1.02) 0.16 1.27 (1.19 - 1.34) < 0.001
  Hispanic 0.90 (0.86 - 0.94) < 0.001 1.04 (0.99 - 1.09) 0.11
  Asians 0.94 (0.89 - 0.99) 0.01 0.98 (0.93 - 1.03) 0.48
  Others 0.62 (0.50 - 0.76) < 0.001 0.79 (0.64 - 0.97) 0.03
Age
  Early (< 60 years) Reference Reference
  Late (≥ 60 years) 2.73 (2.64 - 2.83) < 0.001 2.69 (2.59 - 2.79) < 0.001
Stage
  Early Reference Reference
  Late 1.43 (1.41 - 1.46) < 0.001 1.42 (1.37 - 1.47) < 0.001
History of cancer
  No Reference Reference
  Yes 1.54 (1.49 - 1.60) < 0.001 1.29 (1.24 - 1.33) < 0.001

HR: hazard ratio.

Table 3.  Site-Specific Univariate and Multivariate analysis for Overall Survival With Cox-Proportional Hazard Model

Median survival in 
months (95% CI)

Univariate HR  
(95% CI) P-value Multivariate 

HR (95% CI) P-value

Gastrointestinal tract 58 (53 - 63) Reference Reference
Heart and mediastinum NA 0.59 (0.50 - 0.69) < 0.001 0.58 (0.51 - 0.66) < 0.001
Musculoskeletal 174 (148 - 197) 0.61 (0.55 - 0.68) < 0.001 0.59 (0.54 - 0.63) < 0.001
Endocrine organs 120 (104 - 133) 0.74 (0.67 - 0.82) < 0.001 0.73 (0.67 - 0.80) < 0.001
Head and neck 92 (86 - 99) 0.78 (0.74 - 0.83) < 0.001 0.77 (0.73 - 0.81) < 0.001
Breast 93 (82 - 112) 0.75 (0.67 - 0.85) < 0.001 0.79 (0.71 - 0.87) < 0.001
Skin and soft tissue 77 (68 - 83) 0.85 (0.80 - 0.92) < 0.001 0.83 (0.78 - 0.88) < 0.001
Genitourinary 76 (70 - 87) 0.83 (0.77 - 0.90) < 0.001 0.84 (0.79 - 0.89) < 0.001
Bone marrow 22 (17 - 31) 0.87 (0.56 - 1.37) 0.55 1.03 (0.93 - 1.13) 0.54
Others 25 (15 - 41) 1.11 (0.84 - 1.29) 0.20 1.05 (0.96 - 1.16) 0.27
Respiratory tract 28 (22 - 39) 1.26 (1.14 - 1.38) < 0.001 1.18 (1.10 - 1.26) < 0.001
Pancreas and hepatobiliary 24 (17 - 38) 1.29 (1.17 - 1.42) < 0.001 1.22 (1.13 - 1.31) < 0.001
Nervous system 13 (11 - 14) 2.15 (2.04 - 2.26) < 0.001 1.85 (1.77 - 1.93) < 0.001

HR: hazard ratio; CI: confidence interval.
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Figure 2. Kaplan-Meier curve showing effect of (a) age of onset categorized as age < 60 years and age ≥ 60 years, (b) gender, 
(c) ethnicity categorized as non-Hispanic white, non-Hispanic black, Hispanic, Asian, and others, (d) stage categorized as early 
stage which includes stage 1 and stage 2 diseases, and late stage which includes stage 3 and stage 4 diseases, and (e) past 
history of cancer.
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gruence to our study, comparable results have been reported 
in prior studies. A retrospective cohort analysis done in south-
ern United States showed that a greater percentage of African 
American population had earlier age of diagnosis of DLBCL 
when compared to white population [11]. They also had worse 
lactate dehydrogenase (LDH), B-symptoms and Eastern Co-
operative Oncology Group (ECOG) status, when compared to 
white population. The difference in outcome can be attributed 
to the biological factors related to the tumor, healthcare ser-
vices utilization, and the socioeconomic differences among 
different ethnic groups [12-14].

Although only limited geographical variation is observed 
in the distribution and incidence of NHL within the United 
States, across the globe, there has been significant difference 
seen in incidence, etiology, and site of NHL [15]. Over the 
last decade, incidence of DLBCL remains high but is decreas-
ing in the western world whereas it is increasing in East Asia 
and Middle East [16]. In terms of etiology, EN-DLBCL as-
sociated with infectious etiology like hepatitis C virus (HCV), 
Epstein-Barr virus (EBV) and human immunodeficiency virus 
(HIV) is comparatively more in East Asian and South Ameri-
can population [17-19]. Although the SEER database lacks this 
information, it should always be considered while discussing 
the epidemiological and clinical perspective.

Our knowledge and classification of these lymphoid neo-
plasms will continue to evolve as the understanding of these 
diseases progresses further. The current classification system 
used is the World Health Organization (WHO) Classification 
of Tumors of Hematopoietic and Lymphoid Tissues, which 
was updated in 2017. It incorporates new clinical, pathologi-
cal, genetic, and molecular information that occurred since the 
previous 2008 publication [20]. WHO has identified certain 
extra nodal sites as a separate entity for, e.g., primary DLBCL 
of the, primary cutaneous diffuse large B-cell lymphoma-leg 

type, primary mediastinal (thymic) large B-cell lymphoma, 
primary effusion lymphoma and intravascular large B-cell 
lymphoma. Prior entity known as “B-cell lymphoma, unclassi-
fiable, with features intermediate between DLBCL and Burkitt 
lymphoma” in 2008 has been replaced by “high-grade B-cell 
lymphoma, NOS and “high-grade B-cell lymphoma with MYC 
and BCL2 and/or BCL6 rearrangements.”

Numerous literatures can be found regarding EN-DLBCL 
and their notable difference in terms of prognosis and preferred 
treatment approaches. Overall, the prognosis of both nodal 
DLBCL and EN-DLBCL has improved in the rituxan era, 
post 2006. However, in a recent study by Bobillo et al, stage 
I EN-DLBCLs were seen to have poorer prognosis than those 
of stage I nodal DLBCLs. They concluded that consolidative 
radiation therapy to patients with end of immunochemother-
apy positive positron emission tomography (PET) scan, im-
proved OS in patients with extra nodal involvement [21, 22]. 
This treatment approach is quite different from nodal DLBCL, 
where many times radiation therapy is not needed. There were 
indeed many limitations in this retrospective study, including 
their inclusion criteria, non-uniformity of chemotherapy used, 
and small number of patients enrolled in the study especially 
in the nodal DLBCL group [22].

We found that nervous system, respiratory system, pan-
creas, and hepatobiliary involvement were associated with 
poorer prognosis, when compared to the gastrointestinal tract. 
Similarly, involvement of the heart, mediastinum, and muscu-
loskeletal system had better prognosis, when compared to the 
gastrointestinal tract. Castillo et al conducted a similar study 
with smaller patient population [23]. They also concluded that 
specific sites of DLBCL were associated with either a better or 
a worse prognosis. In their study, worse outcome was seen in 
gastrointestinal tract, respiratory system, liver, and pancreas. 
These findings are similar to the results of our study. There are 

Figure 3. Kaplan-Meier curve showing overall survival probability based on the site of the EN-DLBCL. (a) Overall survival prob-
ability for the site with better survival than the gastrointestinal tract. (b) Overall survival probability for the site with worse survival 
than the gastrointestinal tract. EN-DLBCL: extra nodal diffuse large B-cell lymphoma.



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   www.thejh.org52

Site-Specific Survival of EN-DLBCL J Hematol. 2022;11(2):45-54

many factors that may impact the prognosis of EN-DLBCL. 
Certain factors are unique and characteristic to that site of in-
volvement of DLBCL, as described below [9, 24].

Previous literature has reported that CNS lymphomas and 
testicular lymphomas generally have high Ki-67 expression 
[8]. However, correlation of Ki-67 expression and prognosis 
has remained controversial. Ki-67 expression has been used 
as a proliferation marker and so is an indicator of the nature 
of the disease. He et al conducted a meta-analysis to study the 
relation of Ki-67 expression to the outcome for patients with 
various subtypes of lymphoma. They investigated its impact 
especially after introduction of rituximab. Although the study 
supported the prognostic significance of Ki-67 expression in 
DLBCL, the study was associated with many limitations [25].

Yin et al, in their study, described site-specific risk pat-
terns of developing secondary malignant neoplasm in patients 
with EN-DLBCL [26]. Highest risk was seen among patients 
with lung and liver/pancreas DLBCL. This finding explains, to 
a certain extent, a poorer prognosis of EN-DLBCL involving 
pancreas/hepatobiliary and respiratory system.

One of the other factors leading to poorer prognosis 
is CNS relapse. Testicular, breast and uterine DLBCLs are 
known to have a high prevalence of non-GCB phenotype and 
the MYD88/CD79B mutated genotype, resembling primary 
CNS lymphoma [27]. This could be a reason of its increased 
propensity of CNS recurrence. Bone marrow involvement is 
also known to cause CNS relapse and may explain poorer out-
come [28]. DLBCLs involving the kidneys, adrenal glands, 
and ovaries are other sites associated with an increased risk 
of spread to the CNS [21, 29, 30]. Ollila et al recommended 
individualized consideration of CNS prophylaxis based on the 
CNS-IPI score for these patients [27].

The increased risk could be attributed to the treatment-
related factors, including the use of radiation and surgery. Pre-
viously surgery was recommended for certain sites of involve-
ment like the intestinal, gastric, breast, bone, or thyroid area. 
However, recently there are studies published describing the 
detrimental effects of surgery in these patients, especially con-
sidering development of surgical complications, unnecessary 
delay in chemotherapy and worse healing [31]. Consolidative 
radiation therapy has been recommended for EN-DLBCL of 
testicle, breast, mediastinum, and bone, per European Soci-
ety for Medical Oncology (ESMO) guidelines [3]. Consider-
ing the above discrepancies in management approach and no 
available standard universal guidelines, poorer prognosis seen 
with EN-DLBCL can be explained.

Some extra nodal sites have a better prognosis than the 
others because of unique clinical symptoms at presentation and 
therefore the possibility of diagnosis at an earlier stage. Prima-
ry bone DLBCL (PB-DLBCL) presents with characteristic and 
localizing symptoms of pain, bone fractures, localized swell-
ing or periprosthetic joint infection. This may result in earlier 
diagnosis and subsequent earlier treatment [32, 33]. Similarly, 
DLBCL involving the breast presents many times as a palpable 
lump and may be detected earlier on screening mammograms 
[34]. Primary mediastinal B-cell lymphoma (PMBCL) which 
now constitutes a separate WHO entity, usually affects the ado-
lescents and young adults with unique symptoms of chest pain, 
superior vena cava syndrome and shortness of breath. PMBCL 

has shown excellent outcomes after the use of dose-adjusted 
EPOCH-R chemotherapy and the fact that younger individuals 
tolerate the chemotherapy regimens better [35].

Some studies have indicated that certain immunopheno-
types are associated with worse outcomes, e.g., studies have 
been published with findings that indicate adverse prognos-
tic impact of immunoblastic morphology [36]. Immunoblastic 
variant is also associated with MYC translocations. De Groen 
et al studied a large cohort of patients with PB-DLBCL and 
provided a comprehensive evaluation of immunohistochemis-
try (IHC), gene-expression profiling (GEP) and targeted deep 
sequencing. PB-DLBCL is characterized by a centrocyte-like 
GCB phenotype with a specific GEP pattern. GCB-associated 
mutation profile is associated generally with a favorable sur-
vival [32]. Further studies are needed to describe these factors 
for other extra nodal sites and thus may help to explain the 
differences in their outcomes.

The diversity in clinical presentation, morphology, genetic 
alterations, and response to treatment proves that EN-DLBCL 
is a heterogenous group of NHLs and must be individually 
studied [2]. Based on the unique behavior, although 2017 
WHO classification identified DLBCL of CNS, cutaneous 
and mediastinal region as a separate entity, there is a need of 
further classification and research [20]. Considering the het-
erogeneity of these lymphomas, clinical practice guidelines 
have been published by ESMO for management of certain ex-
tra nodal sites of DLBCL [3]. They described the diagnostic 
workup and treatment strategies of primary testicular lympho-
ma, primary CNS lymphoma, primary mediastinal lymphoma, 
primary breast lymphoma and primary bone lymphoma. We 
believe that a comprehensive and unique set of guidelines is 
needed for other sites of EN-DLBCL as well.

There are certain limitations to our study. SEER database 
provides limited data regarding the type of treatment these 
patients received. Various treatment modalities of DLBCL in-
cluding chemoimmunotherapy, CNS prophylaxis, surgery and 
radiation therapy can result in different outcomes for these pa-
tients, which is unknown to us. Pathology including mutations 
of these patients was also not accounted, which is known to 
have a significant impact on the OS. We could not evaluate the 
relationship between genetic predisposition and prognosis of 
the patients. Ki-67 expression was not known. A well-estab-
lished prognostic tool, IPI score was not evaluated for these 
patients. Apart from the database-related limitations, the defi-
nition of EN-DLBCL has always been controversial [37]. The 
cases involving both nodal and extra nodal sites are difficult to 
categorize. The WHO classification of DLBCL has also been 
ever evolving, based on advancements in research. Although 
primary mediastinal (thymic) B-cell lymphoma continues to 
be categorized as a subtype of DLBCL in many literatures [35, 
38], it is certainly controversial after understanding its unique 
molecular alterations and immunophenotypic presentation. We 
have included PMBCL as a subtype of DLBCL in our study 
based upon the morphology of the disease and so the findings 
should be interpreted accordingly. There is also vast discrep-
ancy regarding the true definition of primary bone marrow 
lymphoma, which needs to be addressed. Only cases with pri-
marily bone marrow involvement without any other nodal or 
extra nodal involvement should be included, as per prior stud-
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ies [39-41]. However, the criteria are not clearly defined when 
it comes to stage IV disease.

In conclusion, our study confirms that there is a significant 
difference in the natural history of EN-DLBCL, particularly 
regarding outcomes. EN-DLBCL thus should be considered 
as distinct entities, based on each specific site rather than a 
homogenous group. There is a strong need for site-specific 
staging system, prognostic criteria, and therapeutic approach 
in the management of EN-DLBCL. The varied histopathologi-
cal profiles of EN-DLBCL also need to be further explored.
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