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Simple Summary: Few studies have examined the impact of primary tumor location on clinical
outcome in patients with early-stage nodal diffuse large B-cell lymphoma (DLBCL). The objective
of this study was to identify the association between primary tumor location and early-stage nodal
DLBCL patient prognosis using a large population-based cohort and make an effort to uncover its
underlying molecular mechanism using a public database. Our result shows that the prognosis
of early-stage nodal DLBCL patients with tumors growing under the diaphragm is poorer. After
screening DEGs and carrying out enrichment analysis, we found early-stage nodal diffuse large B-cell
lymphoma located in different sites having different genetic characteristics. These results emphasize
the importance of the primary tumor site on clinical decision-making and prognosis of patients with
early-stage nodal diffuse large B-cell lymphoma.

Abstract: The prognostic role of primary tumor location for clinical outcomes of patients with early-
stage nodal diffuse large B-cell lymphoma (DLBCL) remains uncertain. We evaluated the relationship
between primary tumor site and overall survival (OS) in 9738 early-stage nodal DLBCL patients
from the Surveillance, Epidemiology, and End Results (SEER) database. The primary site of the
tumors was characterized as supradiaphragm and subdiaphragm according to the definition of
lymph node distribution in the Ann Arbor staging. The OS was significantly better for patients of the
supradiaphragm group (n = 6038) compared to the ones from the subdiaphragm group (n = 3655)
(hazard ratio (HR) 1.24; 95%CI: 1.16–1.33; P < 0.001), and it was preserved after propensity score
matching (PSM) (HR 1.15; 95% CI: 1.07–1.24; P < 0.001). Gene enrichment analyses demonstrated that
the subdiaphragm group has an upregulated extracellular matrix (ECM)-related signaling, which
reportedly can promote growth, invasion, and metastasis of the cancer, and downregulated interferon
response, which is considered to have anti-tumor function. Our results indicate the two tumor
locations (supradiaphragm and subdiaphragm) presented different prognostic implications for the
overall survival, suggesting that the tumor’s location could serve as a prognostic biomarker for
early-stage nodal DLBCL patients.

Keywords: early-stage nodal diffuse large B cell lymphoma; SEER database; survival; primary site;
enrichment analysis

1. Introduction

The diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-
Hodgkin’s lymphoma (NHL), accounting for approximately 25 percent of NHL cases [1].
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It is highly heterogeneous in terms of clinical presentation, morphology, genetics, and
biologic behavior. About 25% to 40% of the DLBCL patients are observed early-stage
(Ann Arbor stage I and II) disease [2,3]. The most widespread therapy for early-stage
DLBCL is chemoimmunotherapy with R-CHOP (rituximab, cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) combined with or without radiation therapy (RT), which
has greatly improved the outcome of DLBCL [4–6]. The ultimate goal for treatments of
the early-stage DLBCL is cure of the disease or long-term survival. Despite the fact that
early-stage DLBCL patients generally present favorable prognosis, about 30% of them is
expected to relapse [7]. It is vital to explore the factors that can predict recurrence and
chemotherapy resistance, and to identify the factors that can affect the prognosis of early-
stage nodal DLBCL patients, aiming to contribute to disease progression prediction and
support clinical decisions.

Significant progress has been recently achieved in understanding the biology of
DLBCL and main advancements include the assessment of molecular risk through the
evaluation of the cell of origin (COO) and the incorporation of specific genetic mutations
into prognostication and clinical decision making. Recently, two whole-exome sequenc-
ing studies have suggested partially overlapping classification systems. Roland Schmitz
et al. subdivided DLBCL into four subtypes on the basis of COO: MCD (based on the
co-occurrence of MYD88L265P and CD79B mutations), BN2 (based on BCL6 fusions and
NOTCH2 mutations), N1 (based on NOTCH1 mutations), and EZB (based on EZH2 mu-
tations and BCL2 translocations). Among them, BN2 and EZB subtypes have a favorable
outcome and MCD and N1 subtypes have inferior outcomes [8]. Bjoern Chapuy et al. iden-
tified five groups defined as C1–C5, among which C1 and C4 harbor a favorable prognosis,
while C3 and C5 have the worst outcome. These subtypes were described as follows: C1
exhibited BCL6 SVs in combination with mutations in NOTCH2 and immune escape and
is similar to BN2 subtype; C2 is related to the chromosomal stability and cell cycle; C3,
similar to the EZB subtype, harbored the same mutations in BCL2, EZH2, KMT2D, and
CREBBP; C4 is characterized by mutations in SGK1, HIST1H1E, NFKBIE, BRAF, and CD83;
C5 presented frequent mutations in CD79B and MYD88, which is similar to the MCD sub-
type [9]. Another five molecular subtypes were resolved by Stuart E. Lacy et al., annotated
as MYD88, BCL2, SOCS1/SGK1, TET2/SGK1, and NOTCH2, along with an unclassified
group. BCL2, NOTCH2, and MYD88 showed good, intermediate, and poor prognosis,
respectively [10]. These molecular classifications have not only shown different gene ex-
pression characteristics, but also presented different responses to immunochemotherapy.
Moreover, the coordinate genetic signatures were found to predict an outcome independent
of the clinical international prognostic index (IPI), and suggest new combination treatment
strategies. However, technical and financial difficulties limit the clinical application of the
latter molecular classification.

Currently, the prognostic tools widely used in DLBCL are limited to the international
prognostic index (IPI) with the variants used in it being the most commonly used ones.
The IPI uses information regarding patient age, performance status, serum lactate dehydro-
genase (LDH) level, disease stage, and degree of extranodal involvement to determine a
score that correlates with the progression-free and the overall survival after standard ther-
apy [11]. It is noteworthy that the IPI score system only includes the number of extranodal
organs involved and does not consider the primary location of nodal DLBCL. Even in the
enhanced IPI system, it only emphasized the prognostic importance of specific extranodal
sites such bone marrow, lungs, brains, among others [12]. Except for the 25%~40% of
DLBCL that are extranodal cases, most of the rest are nodal lesions [13–16]. Although some
studies have demonstrated that the involvement of the extranodal tissue may lead to a
worse prognosis for patients with nodal lesions [17–19], the prognosis of nodal patients in
some parts, such as lymphomas originating from the abdomen, pelvis, or thorax [20], is
even worse. A study based on the SEER database and the national cancer database (NCDB)
was performed in an attempt to evaluate the relationship between lymph node lesions
and prognosis in patients with early-stage DLBCL. Results showed that there were signifi-
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cant statistical differences in the survival rates among patients with DLBCL in different
sites, and lymphomas originating from the abdomen, pelvis, or thorax showed higher risk
genetic characteristics. It is suggested that the location of lymphadenopathy be included
in the new prognosis score system of the early-stage DLBCL [20]. From this, we can find
that there is indeed a difference in the prognosis of patients with early-stage DLBCL in the
different sites, nodal or extranodal patients, and the influence of the primary site should
be taken into consideration when making clinical decisions. The abovementioned authors
divided the data into several groups and found that there was a statistical difference in
the survival rate of patients with nodal DLBCL. However, there was no difference among
groups, such as between abdomen and pelvic lymph nodes, thorax lymph nodes, and
Waldeyer’s ring (WR), in prognosis. This kind of grouping may not be suitable for inclusion
in the prognosis scoring system, and it is thus vital to know how to group the nodal DLBCL
in different sites in order to obtain the best grouping mode.

Therefore, the focus of this study is to explore a feasible and simple grouping method
for patients with early-stage nodal DLBCL based on the SEER database, that is, patients
with nodal DLBCL in different primary sites are divided into the subdiaphragm group
(Sub-DLBCL) and supradiaphragm group (Sup-DLBCL) according to the definition of
lymph node distribution in Ann Arbor staging (still applicable to Lugano staging). We aim
to explore the overall survival of patients with early-stage nodal DLBCL located on both
sides of the diaphragm during the rituximab era, and try to identify the potential molecular
mechanism between them, in an attempt to assist clinicians to better predict the prognosis
of DLBCL patients with different parts and to provide a basis for clinical decision-making.

2. Materials and Methods
2.1. Patient Enrollment

In our cohort, the cases came from the registries of the SEER-9 cancer incidence file of
the US National Cancer Institute from 1973 to 2015. We extracted cases of DLBCL from
2000 to 2014 using the ICD-O-3 code 9680, 9684/3 and 9688/3. Because our goal was to
study the overall survival rate of early-stage nodal DLBCL patients on both sides of the
diaphragm during the rituximab era, which was firstly approved in 1997, we only included
patients diagnosed after 2000, which is a period that is expected to reflect widespread and
quick use of rituximab in the treatment of lymphomas. We only included the nodal DLBCL
patients and excluded patients with lymph nodes of multiple regions and lymph node,
NOS. Only the stage I and stage II cases according to Ann Arbor staging with a defined
primary site were included in our study. Patients that had died from reasons other than the
primary tumor and patients with no survival time and no clear primary site were excluded.
The detailed criterion for the inclusion and exclusion of patients is shown in Figure 1.

2.2. End Points

The primary endpoint of this study was the overall survival (OS). The OS was calcu-
lated from the beginning of the initial treatment until the time of death from any cause, or
until the last follow-up time point.

2.3. Standard of Grouping

The primary site of nodal DLBCL is divided into the subdiaphragm (Sub-DLBCL) and
supradiaphragm groups (Sup-DLBCL) according to the definition of lymph node distri-
bution in Ann Arbor staging. The supradiaphragm group (Sup-DLBCL) includes lymph
nodes of head, face, and neck/intrathoracic lymph nodes/lymph nodes of axilla or arm.
The subdiaphragm group (Sub-DLBCL) includes intra-abdominal lymph nodes/pelvic
lymph nodes/lymph nodes of inguinal region or leg. The Waldeyer’s ring and tonsil are
the lymphoid tissue above the diaphragm and the spleen is the lymphoid tissue below the
diaphragm.
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Figure 1. Flow chart of patient selection from the Surveillance, Epidemiology, and End Results (SEER)
database.

2.4. Statistical Analysis

The baseline characteristics of the patients were compared among the different groups
using Student’s t-test or an equivalent nonparametric test. The log-rank test was applied to
compare the overall survival between different groups. The univariate Cox proportional
hazard model was used to calculate hazard ratios (HR), stratifying for anatomical sites and
adjusting for the following covariates: sex, age at diagnosis, race, and Ann Arbor stage.
The 1:1 propensity score matching (PSM) was used to match the covariate proportions,
mentioned above as covariates, with the cliper value being set to 0.05. Multivariate Cox
regression analysis was used to explore the effect of matched primary site on its overall
survival.

Statistical analysis was conducted using R programming environment version 3.6.2
(http://cran.r-project.org, accessed date: 20 March 2020), IBM SPSS Statistics version
25 (IBM Corp., Armonk, NY, USA), and GraphPad Prism version 8. P-values were all
two-sided and statistical significance threshold was set at P < 0.05 if not mentioned. All
confidence intervals were stated at the 95% confidence level.

http://cran.r-project.org
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2.5. Microarray Data

The gene expression profiles (RNA-sequencing expression levels) and clinical data
were downloaded from The Cancer Genome Atlas (TCGA) database (https://cancergenome.
nih.gov/, accessed date: 10 January 2021). Patients and samples with missing staging and
primary location of the tumor were excluded. Ten supradiaphragm and four subdiaphragm
patients were included from our study by applying the abovementioned exclusion crite-
ria. This study was conducted in accordance with the publication guidelines of TCGA
(http://cancergenome.nih.gov/publications/public action guidelines, accessed date: 10
January 2021).

2.6. Data Preprocessing and Differential Expression Genes Screening

R statistical software (version 3.6.2; https://www.r-project.org/, accessed date: 20
March 2020) and Bioconductor analysis tools (http://www.bioconductor.org/, accessed
date: 20 March 2020) were utilized to process the raw data. The edgeR package of R was
used to generate the expression matrix screen differential expression genes (DEGs) between
the Sup-DLBCL group and the Sub-DLBCL group with the threshold of false discovery rate
(FDR) set at 0.05, and the |log2-fold change| (|log2FC|) minimum threshold set at 2; the
gene expression values were averaged when measuring the same gene in multiple probes.
The differences between the two groups were statistically assessed by Student’s t-test; the
P-values were adjusted for multiple-testing by the Benjamini–Hochberg (BH) method.

2.7. Functional and Pathway Enrichment Analysis

Functional enrichment analysis molecular function (MF), biological process (BP),
and cellular component (CC) terms was conducted using the clusterProfiler package of
R statistical software. KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway
enrichment analysis was also performed to identify the key biological pathways using the
pathview package of R. Enrichment analyses were separately performed in the upregulated
and downregulated genes. The P-value was set at <0.05 for inferring statistically significant
enrichment of gene ontology (GO) or pathway terms, and the fold enrichment score was
used to quantify the enrichment.

2.8. Gene Set Enrichment Analysis

The R package “clusterprofiler” was utilized to conduct gene set enrichment analysis
(GSEA) to determine the statistically significant gene sets enriched in the different sub-
groups examined. The expression matrix of the TCGA dataset was analyzed using the
annotation file “hallmark gene sets” in the Molecular Signatures Database (MSigDB). The
cutoff values were set to P < 0.05, adjusted P-value < 0.05 and FDR < 0.25.

3. Results
3.1. Clinical Characteristics of Patients

A total of 9738 patients with early-stage nodal DLBCL had been reported to the SEER
database from 2000 until 2014. The baseline information of the patients is summarized in
Table 1. Most of the patients were white and had received chemotherapy but no surgery
or radiotherapy. Statistically significant differences were observed for age, race, and Ann
Arbor’s stage between the Sup-DLBCL and Sub-DLBCL groups, respectively. This study
compared 6083 (62.5%) Sup-DLBCL patients and 3655 (37.5%) Sub-DLBCL patients, among
which 5371 cases (55.2%) were males and 4367 cases (44.8%) were females. The average age
of all, Sup-DLBCL, and Sub-DLBCL patients was 59.1, 56.7, and 63.2 years old, respectively.
The incidence rate of Sup-DLBCL was higher than the one of Sub-DLBCL. Sub-DLBCL
patients were older and had more patients over 60 years old compared to Sup-DLBCL
patients. The median survival time for all, Sup-DLBCL, and Sub-DLBCL patients was 66.7
(range: 1.0–203.0), 72.6 (range:1.0–203.0), and 57.7 (range:1.0–203.0) months, respectively.

https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
http://cancergenome.nih.gov/publications/public
https://www.r-project.org/
http://www.bioconductor.org/
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Table 1. Demographic characteristics of patients with early-stage nodal diffuse large B-cell lymphoma.

Characteristics Total
Anatomical Sites

P-Value
Sup-DLBCL Sub-DLBCL

Patient, no. (%) 9738 6083 (62.5) 3655 (37.5)
Gender, n. (%) 0.321

Male 5371 (55.2) 3331 (54.8) 2040 (55.8)
Female 4367 (44.8) 2752 (45.2) 1615 (44.2)

Age (mean) 59.1 (±17.6) 56.7 (±18.8) 63.2 (±14.7) <0.001
age, n. (%) <0.001

≤60 4731 (48.6) 3267 (53.7) 1464 (40.1)
>60 5007 (51.4) 2816 (46.3) 2191 (59.9)

Race, n. (%) <0.001
White 8234 (84.6) 5004 (82.3) 3230 (88.4)
Black 677 (7.0) 459 (7.5) 218 (6.0)
Other 827 (8.5) 620 (10.2) 207 (5.7)

Stage, n. (%) <0.001
I 5880 (60.4) 3857 (63.4) 2023 (55.3)
II 3858 (39.6) 2226 (36.6) 1632 (44.7)

Survival times (median, range) 66.7
(1.0–203.0)

72.6
(1.0–203.0)

57.7
(1.0–203.0) <0.001

dead, n. (%) 3288 (33.8) 1843 (18.9) 1445 (14.8)

Sup-DLBCL: supradiaphragm group; Sub-DLBCL: subdiaphragm group; n.: number.

3.2. Survival Analyses

The Kaplan–Meier method was used to construct survival curve and the log-rank
test was used to evaluate the differences among groups in order to explore the overall
survival of patients with early-stage nodal DLBCL located on both sides of the diaphragm
during the rituximab era. Table 2 presents the 5-year overall survival rate of patients with
nodal DLBCL according to primary sites. Our results demonstrated that the 5-year overall
survival rate was 74.8%. The 5-year OS rates of Sup-DLBCL and Sub-DLBCL were 78.0%
and 69.4%, respectively (P < 0.001). The median survival time of the whole dataset was
185.0 months, while the Sup-DLBCL and Sub-DLBCL groups were undefined and 145.0
months, respectively. The overall survival of patients whose primary site was located under
the diaphragm was worse than the one of the patients whose primary site was located on
the diaphragm, as shown in Figure 2 and Table 2.

Table 2. Overall survival (OS) of patients with early-stage nodal DLBCL according to primary sites.

Anatomical Sites n (%) Median Survival (Month) 5-Year OS (%) P-Value

All 9738 185.0 74.8 <0.001
nodal of Sup-DLBCL 6083 (62.5) undefined 78.0
nodal of Sub-DLBCL 3655 (37.5) 145.0 69.4

All (after PSM) 7276 153.0 71.6 <0.001
Sup-DLBCL (after PSM) 3638 (50.0) 158.0 73.5
Sub-DLBCL (after PSM) 3638 (50.0) 146.0 69.6

Sup-DLBCL: supradiaphragm group; Sub-DLBCL: subdiaphragm group; n: number; PSM: propensity score matching; OS: overall survival.

3.3. Propensity Score Matching

The propensity score matching (PSM) of the baseline factors of the dataset examined
was carried out to reduce the selection deviation. There were 3638 matches between the
two groups. Figure 3a,b depicts the distribution map and histogram of the propensity
score before and after matching. After PSM, all baseline factors were matched except the
Ann Arbor’s stage, as shown in Table 3. Then, the matched data were analyzed with
the Kaplan–Meier survival analysis and similar results were obtained. The 5-year overall
survival rate and the median survival time of the whole matched data were 71.6% and
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153.0 months, respectively. The 5-year OS rates of Sup-DLBCL and Sub-DLBCL were
73.5% and 69.6%, respectively (P < 0.001). The median survival time of Sup-DLBCL and
Sub-DLBCL was 158.0 and 146.0 months, respectively, as shown in Table 2.
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3.4. Adjusted Model

Multivariable Cox proportional hazard regression analysis was then performed to ad-
just for baseline factors that may impact the patient’s disease prognosis. The unadjusted HR
of patients with the primary site located under the diaphragm was 1.48 (P < 0.001, 95%CI:
1.38–1.58) before PSM, while the unadjusted HR was 1.15 (P < 0.001, 95%CI: 1.07–1.24)
after PSM. Only the meaningful factors from the univariate analysis were considered in
the multivariate analysis. Thus, age, stage, race, and primary site were included in the
multivariate analysis. Table 4 lists the univariate analysis before and after PSM, and Table 5
lists the unadjusted and adjusted models. Multivariate Cox proportional hazard regression
analysis showed that before PSM, the overall survival of patients with primary site located
under the diaphragm was worse than the one of the patients whose primary site was
located on the diaphragm (P < 0.001, HR = 1.24, 95%CI: 1.16–1.33) after adjusting for age,
stage, and race. After PSM, the overall survival of the Sub-DLBCL patients was still worse
than the one of the Sup-DLBCL patients (P < 0.001, HR = 1.15, 95%CI: 1.07–1.24).
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Table 3. Demographic characteristics of patients after PSM.

Characteristics Total
Anatomical Sites

P-Value
Sup-DLBCL Sub-DLBCL

Patient, n. (%) 7276 3638 (50.0) 3638 (50.0)
Gender, n. (%) 0.906

Male 4052 (55.7) 2029 (55.8) 2023 (55.6)
Female 3224 (44.3) 1609 (44.2) 1615 (44.4)

Age (mean ± SD) (±16.4) 63.3 (±15.79) 63.1 (±14.7) 0.689
age, n. (%) 0.649

≤60 2908 (40.0) 1444 (39.7) 1464 (40.2)
>60 4368 (60.0) 2194 (60.3) 2174 (59.8)

Race, n. (%) 0.422
White 6418 (88.2) 3205 (88.1) 3213 (88.3)
Black 459 (6.3) 241 (6.6) 218 (6.0)
Other 399 (5.5) 192 (5.3) 207 (5.7)

Stage, n. (%) 0.015
I 4138 (56.9) 2121 (58.3) 2017 (55.4)
II 3138 (43.1) 1517 (41.7) 1621 (44.6)

Survival times (median, range) 62.0
(1.0–203.0)

65.0
(1.0–203.0)

58.0
(1.0–203.0) <0.001

dead, n. (%) 2764 (38.0) 1332 (18.3) 1432 (19.7)

Sup-DLBCL: supradiaphragm group; Sub-DLBCL: subdiaphragm group; n: number.

Table 4. The univariate analysis before and after PSM.

Variable
Univariate Analysis before PSM Univariate Analysis after PSM

HR (95%CI) P-Value HR (95%CI) P-Value

Gender Female 0.99 (0.92–1.06) 0.715 1.01 (0.93–1.09) 0.841
Male Reference Reference

Age ≤60 Reference Reference
>60 3.72 (3.43–4.02) <0.001 3.43 (3.12–3.78) <0.001

Race White Reference Reference
Black 1.15 (1.01–1.31) 0.034 1.15 (0.99–1.34) 0.061
Other 0.83 (0.72–0.95) 0.007 1.08 (0.91–1.28) 0.358

Stage I Reference Reference
II 1.21 (1.13–1.30) <0.001 1.13 (1.05–1.22) <0.001

Site Sup-DLBCL Reference Reference
Sub-DLBCL 1.48 (1.38–1.58) <0.001 1.15 (1.07–1.24) <0.001

Sup-DLBCL: supradiaphragm group; Sub-DLBCL: subdiaphragm group; PSM: propensity score matching; HR: hazard ratio; CI: confidence
intervals.

Table 5. Cox proportional hazards model for overall survival in patients with early-stage nodal
diffuse large B-cell lymphoma: Only the meaningful factors in the univariate analysis are included in
the multivariate analysis.

Overall Survival
HR (Sup-DLBCL vs.

Sub-DLBCL)

95%CI
P-Value

Lower Upper

Unadjusted 1.48 1.38 1.58 <0.001
Multivariable Cox

adjusted 1.24 1.16 1.33 <0.001

PSM not-adjusted 1.15 1.07 1.24 <0.001
PSM adjusted 1.15 1.07 1.24 <0.001

Sup-DLBCL: supradiaphragm group; Sub-DLBCL: subdiaphragm group; PSM: propensity score matching;
HR: hazard ratio; CI: confidence intervals.



Cancers 2021, 13, 3954 9 of 17

3.5. Identification of DEGs

Differential expression genes (DEGs) between Sup-DLBCL group and Sub-DLBCL
group were then identified using data from the TCGA database. A total of 130 DEGs
were identified using the “edgeR” package with the following thresholds: FDR < 0.05
and |log2FC| > 1. 104 (80%) upregulated and 26 (20%) downregulated genes between
the Sup-DLBCL group and the Sub-DLBCL group were found. The top 10 upregulated
genes and 10 downregulated genes identified in the gene expression microarray study are
presented in Table 6. In addition, volcano plots were generated to visualize the distribution
of the DEGs and a heatmap with a dendrogram for clustering the DEGs was illustrated
using the “ggplot2” package in R software (Figure 4a,b).

Table 6. The top 10 upregulated genes and 10 downregulated genes identified in the gene expression
microarray of 10 supradiaphragm patients and 4 subdiaphragm patients.

Caption Gene logFC P-Value FDR

upregulate
IGKV1D-16 8.727128 4.60 × 10−7 0.001584

IGKV1-8 7.285481 2.27 × 10−8 0.000117
MTCO3P12 6.25246 1.38 × 10−8 9.53 × 10−5

CCNA1 6.19943 1.45 × 10−5 0.010673
IGKV3-20 5.649626 2.71 × 10−6 0.003948
UMODL1 5.645779 2.95 × 10−6 0.003948
CLDN16 5.389993 0.000139 0.03425
OR13A1 5.30567 4.15 × 10−6 0.004761

SYBU 5.069182 1.96 × 10−9 2.44 × 10−5

downregulate
MT1H −8.09573 0.000317 0.049648
CPA6 −7.7316 0.000287 0.04742

BARX1 −7.41026 3.62 × 10−5 0.017811
RETN −6.5198 0.000278 0.047004
MT1M −5.6572 6.33 × 10−5 0.024665

NACA3P −3.65231 0.000228 0.044334
GNLY −3.08913 1.90 × 10−5 0.012237
MT1F −3.07549 2.03 × 10−5 0.012692
MT1E −2.88335 2.41 × 10−5 0.013726
MT1X −2.74386 3.25 × 10−6 0.003948

logFC: log-fold change; FDR: false discovery rate.

3.6. GO and KEGG Pathway Analysis for DEGs

Functional enrichment analysis was applied to these DEGs to interrogate the biological
functions of DEGs (Figure 5). Network-forming collagen trimer/collagen network/basement
membrane collagen trimer were the most enriched GO terms in CC, and delayed rectifier
potassium channel activity/extracellular matrix structural constituent/extracellular matrix
structural constituent conferring tensile strength were the most enriched GO terms in
MF for the upregulated genes, while no term was found enriched in BP and KEGG.
Late endosome/primary lysosome/azurophil granule was significantly enriched in CC,
detoxification of copper ion/stress response to copper ion/cellular response to copper ion
was significantly enriched in BP, and only mineral absorption was significantly enriched in
KEGG for the downregulated genes, while the remaining terms were insignificant in MF.
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3.7. GSEA Analysis of the Gene Expression Files in the Sub-DLBCL Group versus the Sup-DLBCL
Group

The GSEA analysis was performed with the expression profile using a predefined
“hallmark signature”. Seven gene sets were significantly enriched in the Sup-DLBCL
group compared to the Sub-DLBCL group, with the top three including interferon gamma
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response (P.adjust = 0.008, NES = −2.005), interferon alpha response (P.adjust = 0.008,
NES = −2.015), and inflammatory response (P.adjust = 0.008, NES = −2.230) (Figure 6).
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Figure 6. Gene sets enrichment analysis (GSEA) result of Sup-DLBCL patients compared to Sub-DLBCL patients. (a) GSEA
analysis using hallmark gene sets was carried out. “Suppressed” indicates the pathways enriched in the Sup-DLBCL group.
GSEA analysis showed that Sub-DLBCL was negatively associated with (b) interferon gamma response, (c) oxidative
phosphorylation, (d) TNF-alpha signaling via NF-κB, (e) myogenesis, (f) complement, (g) inflammatory response and (h)
interferon-alpha response.
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4. Discussion

In the present study, clinical outcomes of early-stage nodal DLBCL were analyzed
to investigate the prognostic impact of tumor location by classifying lymphoma into
two groups: Sup-DLBCL and Sub-DLBCL. Our findings suggested that Sub-DLBCL was
associated with worse 5-year OS compared to Sup-DLBCL (HR = 1.24; P < 0.001). The
incidence of DLBCL under the diaphragm was lower, the age was higher, and there were
more patients older than 60 years old in comparison with the Sup DLBL group. The OS
of all patients in this study was 74.8%, in contrast to the previous studies which reported
values in between 62% and 65.5% [19,21]. This difference could be attributed differences
in the population’s inclusion criteria. Our results suggested that the prognosis of DLBCL
patients in the Sub-DLBCL group was poorer.

PSM was also performed to reduce the selection deviation in order to obtain more
reliable results. All baseline factors were matched after PSM while similar results were
obtained showing that the prognosis of DLBCL patients in the Sub-DLBCL group was
poorer than the Sup-DLBCL group (HR = 1.15; P < 0.001). The HR became smaller but
more stable after adjusting for the influence of baseline factors, indicating that the baseline
factors affected the results to a certain extent, but there were still significant statistical
differences in the results, demonstrating that our results are robust.

Recent advances in genomic analysis allow formation of a comprehensive insight
into the molecular heterogeneity of DLBCL and in stratifying risk for DLBCL. Currently,
there are multiple classification systems available, including the international prognostic
index (IPI), the cell-of-origin (COO) classification, and the capture double-hit lymphoma
(DHL) and related subtypes [8,11,22–24]. Other attempts are under way in addition to the
aforementioned categorization systems. For instance, based on the genomic aberrations,
DLBCLs were divided into four subtypes or five subtype as mentioned in the background.
In the present study, gene expression profile analysis using TCGA public database was
conducted, including 10 Sup-DLBCL and 4 Sub-DLBCL samples, in an attempt to clarify
the molecular changes between the two groups and to provide the molecular foundation for
grouping the patients with early-stage nodal DLBCL. Finally, we identified 130 DEGs, with
104 upregulated and 26 downregulated. Among them, the tumor necrosis factor receptor
superfamily, member 14 (TNFRSF14) is downregulated in the Sub-DLBCL, which may
map this group to the previously described EZB subtype [8,10,25]. As mentioned in the
introduction, the authors performed whole-exome sequencing and found that EZB subtype
mainly harbored EZH2 mutations and BCL2 translocations, mapping to the previously
described C3 and BCL2 clusters, and exhibits frequent inactivation of TNFRSF14, with
inferior outcome to other GCB patients within GCB DLBCL. In the present study, we
found that TNFRSF14 is downregulated in Sub-DLBCL by analyzing RNA-sequencing
data and screening DEGs, which may have a similar biological function to its inactivation
of EZB subtypes, explaining the worst outcome of Sub-DLBCL. Considering that COO and
MYC/BCL2 status may not influence the outcome among patients with early-stage DLBCL
treated with R-CHOP regimen [26–31], other factors (internal or external microenviron-
mental factors) may drive the poor prognosis of early-stage nodal DLBCL located under
the diaphragm. This hypothesis, however, needs to be further confirmed in the future, as
we only included early-stage nodal DLBCL patients while only RNA-sequencing data were
analyzed and not DNA sequencing.

The DEGs generated by the comparison of the Sup-DLBCL and Sub-DLBCL groups
were screened for further GO/KEGG analysis. The extracellular matrix-related terms were
the most significantly enriched BP/CC/MF terms in upregulated genes. These genes
have been reported to promote growth, survival, and invasion of cancer and to interact
with fibroblast and immune cells to promote metastasis and impair treatment [32–37].
Most of the previous studies concerning the tumor microenvironment in DLBCL have
focused on tumor-associated immune cells such as T cells, natural killer (NK) cells, and
tumor-associated macrophages (TAMs) [38,39]. Few studies have given emphasis on
extracellular matrix, an important part of tumor microenvironment. Recently, a group
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identified a genetic signature based on TME-related genes, comprising TIMP2, QKI, LCP2,
LAMP2, ITGAM, CSF3R, and AAK1 [40], by calculating the abundance of immune–stromal
components, and from this group they further obtained differentially expressed genes. In
our research, we found that extracellular matrix structural constituents such as the network-
forming collagen trimer and collagen type IV trimer were upregulated in the Sub-DLBCL
group, which may contribute to the development of DLBCL located under diaphragm.
In fact, studies have shown the effect of these extracellular matrix structural constituents
on tumor progression. A study demonstrated that collagen IV can mediate LOXL2 to
stimulate angiogenesis [41]. The type I-trimer collagen was found to be expressed in ductal
infiltrating carcinomas and promote migration of tumor cells [42]. Our results suggested
that the overexpression of extracellular matrix structural constituent may have contributed
to the development of DLBCL located under diaphragm. More focus in the future should
be given on the role of the extracellular matrix on early-stage nodal DLBCL. However, no
significant KEGG pathway term was identified as significantly enriched in the upregulated
genes. GO/KEGG enrichment analyses indicated that the downregulated DEGs were
mainly manifested in ion balance in vivo, such as zinc and cadmium ions. Maintenance of
ion homeostasis is primarily mediated by ion channels, which has been reported to be a
tumor suppressor or an oncogene associated with tumor development [43,44]. Moreover, in
our study, genes related to zinc, cadmium, and other ion homeostasis were downregulated
in the Sub-DLBCL group with poor prognosis, which suggests that the ion homeostasis
may be involved in early-stage nodal DLBCL as a tumor suppressor. At present, its role in
DLBCL still remains unclear, and this is the part we should put more focus on in the future.

Besides the analysis of DEGs of Sup-DLBCL group versus Sub-DLBCL group set,
this study also provides insightful GSEA results. Seven gene sets were enriched in the
Sup-DLBCL group and not in the Sub-DLBCL group, including interferon gamma response,
interferon alpha response, inflammatory response, myogenesis, oxidative phosphorylation,
and complement and TNFα_signaling via NFκB. Interferons (IFNs) are cytokines that have
antiviral, antitumor, and immunomodulatory properties, mediating immune response.
IFN-α is a member of the type I IFN family, while IFN-γ is the lone member of the type
II IFN family. IFN-α and IFN-γ are considered to have proapoptotic, anti-proliferative,
and immune-related functions, such as promote myeloid cell activation and antigen pre-
sentation, which catalyzes the tumor’s elimination [45–48]. Sistigu et al. suggested that
neoplastic cells can engage in a type I IFN response early after exposure to anthracyclines,
and the therapeutic activity of anthracyclines relies on type I IFN signaling in neoplastic
cells [49]. Although IFN-γ induces a broad spectrum of tumor-protective mechanisms,
reason study has proved that IFN-γ-dependent senescence induction is a key mechanism
required to protect against those cancer cells that escape from cytotoxicity [50]. CC-122, a
new chemical entity termed as pleiotropic pathway modifier, has been reported to have
anti-tumor effect in both the activated B-cell (ABC) and the germinal center B-cell DLBCL,
mainly by inducing the degradation or short hairpin RNA–mediated knockdown of Aiolos
and Ikaros. Moreover, it has been found to correlate with the increased transcription of
interferon (IFN)-stimulated genes independent of IFN-α, -β, and -γ production and/or
secretion [51]. Our results demonstrated that the Sup-DLBCL seems to have a more active
interferon response presenting a better response to R-CHOP-based immunochemother-
apy and a better prognosis than the patients with Sub-DLBCL. This result may imply
an important method to stratify early-stage nodal DLBCL patients based on the level of
interferon and a potential therapeutic target suggesting the potential future inclusion of
IFN-γ or IFN-γ analogue in combined therapies for early-stage nodal DLBCL patients with
tumors under the diaphragm. Further experiments and more effort are required to validate
the therapeutic role of IFN-γ or IFN-γ analogue and to unravel the specific differentiated
molecular biological mechanism between groups.

To the best of our knowledge, this is the first study providing a comprehensive descrip-
tive analysis of patients with early-stage DLBCL based on the definition of lymph node
distribution in Ann Arbor staging. The results of the present manuscript demonstrated
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that the Sub-DLBCL group presents worse prognosis, which confirms that when dealing
with early-stage nodal DLBCL with tumors located under the diaphragm, we should be
more vigilant, monitor more closely recurrence after treatment, and try to achieve cure
or long-term survival. Currently, many studies have compared the clinical characteristics
and survival differences between nodal and extranodal sites and between patients with
different extranodal sites [21,52,53], but the comparisons of patients with different nodal
sites remain limited. In the present manuscript, we thus mainly compare the survival
differences of patients with different nodal sites and explore its underlying molecular mech-
anism. At present, it is known that the prognoses of the Sup-DLBCL and the Sub-DLBCL
are different, perhaps partly because the diagnosing of nodal DLBCL under the diaphragm
is more difficult and the symptoms are not specific, making the diagnosis more difficult.
Our study provided additional evidence for these differences between Sup-DLBCL and
Sub-DLBCL, attributing them to molecular mechanisms such as extracellular matrix and
the regulation of inflammatory response.

This study has specific limitations since it is based on publicly available data: (1)
Despite the use of propensity scores matching to control the selection bias for clinical ob-
servation studies, selection bias still exists. (2) We cannot determine the type of chemother-
apy, the duration of chemotherapy, and the patient’s response status to treatment; the
progression-free survival period cannot be obtained due to the limitation of the database,
and thus we cannot conclude about the difference in response status of the two groups of
patients to treatment. (3) There are no records of baseline performance status, B-symptoms,
bulk disease, and lactate dehydrogenase levels in the SEER database, while limited infor-
mation is available about treatments. Therefore, adjustments for these potential prognostic
factors are not feasible.

5. Conclusions

Despite these limitations, our study has shown that the primary site of early-stage
nodal diffuse large B-cell lymphoma affects its prognosis, and the prognosis of nodal
DLBCL patients with tumors growing under the diaphragm is poorer. We screened DEGs
by analyzing RNA-expression profiling data from the TCGA database and found several
pathways, suggesting that the genetic characteristics between the different primary site
of early-stage nodal diffuse large B-cell lymphoma is different. In clinical practice, the
primary site of the nodal DLBCL growth should be considered comprehensively and the
optimal treatment should be selected with reference to the primary site.

Author Contributions: Conceptualization, Y.X. and P.L.; data curation, Y.W. (Yanlou Wang) and H.Y.;
formal analysis, S.H.; funding acquisition, Y.X. and P.L.; investigation, Y.W. (Yu Wang) and D.L.;
methodology, S.H.; project administration, Y.G.; resources, Y.X.; software, D.L. and Y.W. (Yanlou
Wang); supervision, Y.X. and P.L.; validation, Y.W. (Yu Wang), H.Y., and Y.G.; visualiza-tion, S.H.;
writing—original draft, S.H.; writing—review and editing, Y.X. and P.L. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by The National Natural Science Foundation of China, grant
number 82070215, 81972595.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Publicly available datasets were analyzed in this study. These data can
be found here: https://cancergenome.nih.gov/, accessed date: 20 March 2020; https://seer.cancer.
gov/, accessed date: 20 March 2020.

Acknowledgments: The authors would like to thank EditSprings (https://www.editsprings.com/,
accessed date: 20 March 2020) for the expert linguistic services provided.

Conflicts of Interest: The authors declare no conflict of interest.

https://cancergenome.nih.gov/
https://seer.cancer.gov/
https://seer.cancer.gov/
https://www.editsprings.com/


Cancers 2021, 13, 3954 15 of 17

References
1. Bakhshi, T.J.; Georgel, P.T. Genetic and epigenetic determinants of diffuse large B-cell lymphoma. Blood Cancer J. 2020, 10, 1–23.

[CrossRef] [PubMed]
2. Kumar, A.; Persky, D.O. Treatment of Early (Limited)-Stage DLBCL. Clin. Lymphoma Myeloma Leuk. 2020, 20, S34–S36. [CrossRef]
3. Li, S.; Young, K.H.; Medeiros, L.J. Diffuse large B-cell lymphoma. Pathology 2018, 50, 74–87. [CrossRef]
4. Coiffier, B.; Thieblemont, C.; Neste, E.V.D.; Lepeu, G.; Plantier, I.; Castaigne, S.; Lefort, S.; Marit, G.; Macro, M.; Sebban, C.; et al.

Long-term outcome of patients in the LNH-98.5 trial, the first randomized study comparing rituximab-CHOP to standard CHOP
chemotherapy in DLBCL patients: A study by the Groupe d’Etudes des Lymphomes de l’Adulte. Blood 2010, 116, 2040–2045.
[CrossRef] [PubMed]

5. Sehn, L.H.; Donaldson, J.; Chhanabhai, M.; Fitzgerald, C.; Gill, K.; Klasa, R.; MacPherson, N.; O’Reilly, S.; Spinelli, J.J.; Sutherland,
J.; et al. Introduction of Combined CHOP Plus Rituximab Therapy Dramatically Improved Outcome of Diffuse Large B-Cell
Lymphoma in British Columbia. J. Clin. Oncol. 2005, 23, 5027–5033. [CrossRef]

6. Habermann, T.M.; Weller, E.A.; Morrison, V.A.; Gascoyne, R.D.; Cassileth, P.A.; Cohn, J.B.; Dakhil, S.R.; Woda, B.; Fisher, R.I.;
Peterson, B.A.; et al. Rituximab-CHOP Versus CHOP Alone or With Maintenance Rituximab in Older Patients with Diffuse Large
B-Cell Lymphoma. J. Clin. Oncol. 2006, 24, 3121–3127. [CrossRef]

7. Sarkozy, C.; Sehn, L.H. Management of relapsed/refractory DLBCL. Best Pract. Res. Clin. Haematol. 2018, 31, 209–216. [CrossRef]
8. Schmitz, R.; Wright, G.W.; Huang, D.W.; Johnson, C.A.; Phelan, J.D.; Wang, J.Q.; Roulland, S.; Kasbekar, M.; Young, R.M.; Shaffer,

A.L.; et al. Genetics and Pathogenesis of Diffuse Large B-Cell Lymphoma. N. Engl. J. Med. 2018, 378, 1396–1407. [CrossRef]
9. Chapuy, B.; Stewart, C.; Dunford, A.J.; Kim, J.; Kamburov, A.; Redd, R.A.; Lawrence, M.S.; Roemer, M.G.; Li, A.J.; Ziepert, M.;

et al. Molecular subtypes of diffuse large B cell lymphoma are associated with distinct pathogenic mechanisms and outcomes.
Nat. Med. 2018, 24, 679–690. [CrossRef]

10. Lacy, S.E.; Barrans, S.L.; Beer, P.A.; Painter, D.; Smith, A.G.; Roman, E.; Cooke, S.L.; Ruiz, C.; Glover, P.; Van Hoppe, S.J.L.; et al.
Targeted sequencing in DLBCL, molecular subtypes, and outcomes: A Haematological Malignancy Research Network report.
Blood 2020, 135, 1759–1771. [CrossRef]

11. International Non-Hodgkin’s Lymphoma Prognostic Factors Project. A predictive model for aggressive non-Hodgkin’s lymphoma.
N. Engl. J. Med. 1993, 329, 987–994. [CrossRef]

12. Zhou, Z.; Sehn, L.H.; Rademaker, A.W.; Gordon, L.; LaCasce, A.S.; Crosby-Thompson, A.; Vanderplas, A.; Zelenetz, A.; Abel,
G.A.; Rodriguez, M.A.; et al. An enhanced International Prognostic Index (NCCN-IPI) for patients with diffuse large B-cell
lymphoma treated in the rituximab era. Blood 2014, 123, 837–842. [CrossRef]

13. Zucca, E.; Cavalli, F. Extranodal lymphomas. Ann. Oncol. 2000, 11, 219–222. [CrossRef]
14. Zucca, E.; Roggero, E.; Bertoni, F.; Cavalli, F. Primary extranodal non-Hodgkin’s lymphomas. Part 1: Gastrointestinal, cutaneous

and genitourinary lymphomas. Ann. Oncol. Off. J. Eur. Soc. Med Oncol. 1997, 8, 727–737. [CrossRef] [PubMed]
15. Zucca, E.; Roggero, E.; Bertoni, F.; Conconi, A.; Cavalli, F. Primary extranodal non-Hodgkin’s lymphomas. Part 2: Head and neck,

central nervous system and other less common sites. Ann. Oncol. Off. J. Eur. Soc. Med Oncol. 1999, 10, 1023–1033. [CrossRef]
[PubMed]

16. Harris, N.L.; Jaffe, E.S.; Stein, H.; Banks, P.M.; Chan, J.K.; Cleary, M.L.; Delsol, G.; De Wolf-Peeters, C.; Falini, B.; Gatter, K.C. A
revised European-American classification of lymphoid neoplasms: A proposal from the International Lymphoma Study Group.
Blood 1994, 84, 1361–1392. [CrossRef]

17. Castillo, J.J.; Winer, E.S.; Olszewski, A. Sites of extranodal involvement are prognostic in patients with diffuse large B-cell
lymphoma in the rituximab era: An analysis of the Surveillance, Epidemiology and End Results database. Am. J. Hematol. 2014,
89, 310–314. [CrossRef]

18. Takahashi, H.; Tomita, N.; Yokoyama, M.; Tsunoda, S.; Yano, T.; Murayama, K.; Hashimoto, C.; Tamura, K.; Sato, K.; Ishigatsubo,
Y. Prognostic impact of extranodal involvement in diffuse large B-cell lymphoma in the rituximab era. Cancer 2012, 118, 4166–4172.
[CrossRef] [PubMed]

19. Shi, Y.; Han, Y.; Yang, J.; Liu, P.; He, X.; Zhang, C.; Zhou, S.; Zhou, L.; Qin, Y.; Song, Y.; et al. Clinical features and outcomes of
diffuse large B-cell lymphoma based on nodal or extranodal primary sites of origin: Analysis of 1,085 WHO classified cases in a
single institution in China. Chin. J. Cancer Res. 2019, 31, 152–161. [CrossRef]

20. Lontos, K.; Tsagianni, A.; Yuan, J.-M.; Normolle, D.P.; Boyiadzis, M.; Hou, J.-Z.; Swerdlow, S.H.; Dorritie, K.A. Location matters in
early stage nodal diffuse large B-cell lymphoma. Leuk. Lymphoma 2019, 60, 250–253. [CrossRef]

21. Lal, A.; Bhurgri, Y.; Vaziri, I.; Rizvi, N.B.; Sadaf, A.; Sartajuddin, S.; Islam, M.; Kumar, P.; Adil, S.; Kakepoto, G.N.; et al.
Extranodal non-Hodgkin’s lymphomas–a retrospective review of clinico-pathologic features and outcomes in comparison with
nodal non-Hodgkin’s lymphomas. Asian Pac. J. Cancer Prev. APJCP 2008, 9, 453–458. [PubMed]

22. Rosenwald, A.; Wright, G.; Chan, W.C.; Connors, J.M.; Campo, E.; Fisher, R.I.; Gascoyne, R.D.; Muller-Hermelink, H.K.; Smeland,
E.B.; Giltnane, J.M.; et al. The Use of Molecular Profiling to Predict Survival after Chemotherapy for Diffuse Large-B-Cell
Lymphoma. N. Engl. J. Med. 2002, 346, 1937–1947. [CrossRef]

23. Aukema, S.M.; Siebert, R.; Schuuring, E.; Van Imhoff, G.W.; Kluin-Nelemans, J.C.; Boerma, E.-J.; Kluin, P.M. Double-hit B-cell
lymphomas. Blood 2011, 117, 2319–2331. [CrossRef]

http://doi.org/10.1038/s41408-020-00389-w
http://www.ncbi.nlm.nih.gov/pubmed/33277464
http://doi.org/10.1016/S2152-2650(20)30454-7
http://doi.org/10.1016/j.pathol.2017.09.006
http://doi.org/10.1182/blood-2010-03-276246
http://www.ncbi.nlm.nih.gov/pubmed/20548096
http://doi.org/10.1200/JCO.2005.09.137
http://doi.org/10.1200/JCO.2005.05.1003
http://doi.org/10.1016/j.beha.2018.07.014
http://doi.org/10.1056/NEJMoa1801445
http://doi.org/10.1038/s41591-018-0016-8
http://doi.org/10.1182/blood.2019003535
http://doi.org/10.1056/NEJM199309303291402
http://doi.org/10.1182/blood-2013-09-524108
http://doi.org/10.1093/annonc/11.suppl_3.219
http://doi.org/10.1023/A:1008282818705
http://www.ncbi.nlm.nih.gov/pubmed/9332679
http://doi.org/10.1023/A:1008313229892
http://www.ncbi.nlm.nih.gov/pubmed/10572599
http://doi.org/10.1182/blood.V84.5.1361.1361
http://doi.org/10.1002/ajh.23638
http://doi.org/10.1002/cncr.27381
http://www.ncbi.nlm.nih.gov/pubmed/22213346
http://doi.org/10.21147/j.issn.1000-9604.2019.01.10
http://doi.org/10.1080/10428194.2018.1471600
http://www.ncbi.nlm.nih.gov/pubmed/19004134
http://doi.org/10.1056/NEJMoa012914
http://doi.org/10.1182/blood-2010-09-297879


Cancers 2021, 13, 3954 16 of 17

24. Hans, C.P.; Weisenburger, D.D.; Greiner, T.C.; Gascoyne, R.D.; Delabie, J.; Ott, G.; Müller-Hermelink, H.K.; Campo, E.; Braziel,
R.M.; Jaffe, E.S.; et al. Confirmation of the molecular classification of diffuse large B-cell lymphoma by immunohistochemistry
using a tissue microarray. Blood 2004, 103, 275–282. [CrossRef]

25. Young, R.M.; Phelan, J.D.; Shaffer, A.L.; Wright, G.W.; Huang, D.W.; Schmitz, R.; Johnson, C.; Oellerich, T.; Wilson, W.; Staudt,
L.M. Taming the Heterogeneity of Aggressive Lymphomas for Precision Therapy. Annu. Rev. Cancer Biol. 2019, 3, 429–455.
[CrossRef]

26. Barraclough, A.; Alzahrani, M.; Ettrup, M.S.; Bishton, M.; Van Vliet, C.; Farinha, P.; Gould, C.; Birch, S.; Sehn, L.H.; Sovani, V.;
et al. COO and MYC/BCL2 status do not predict outcome among patients with stage I/II DLBCL: A retrospective multicenter
study. Blood Adv. 2019, 3, 2013–2021. [CrossRef] [PubMed]

27. Kumar, A.; Lunning, M.A.; Zhang, Z.; Migliacci, J.C.; Moskowitz, C.H.; Zelenetz, A.D. Excellent outcomes and lack of prognostic
impact of cell of origin for localized diffuse large B-cell lymphoma in the rituximab era. Br. J. Haematol. 2015, 171, 776–783.
[CrossRef] [PubMed]

28. Grass, G.D.; Mills, M.N.; Ahmed, K.A.; Liveringhouse, C.L.; Montejo, M.J.; Robinson, T.J.; Chavez, J.C.; Harrison, L.B.; Kim,
S. Radiotherapy for early stage diffuse large B-cell lymphoma with or without double or triple hit genetic alterations. Leuk.
Lymphoma 2019, 60, 886–893. [CrossRef]

29. Persky, D.O.; Li, H.; Stephens, D.M.; Park, S.I.; Bartlett, N.L.; Swinnen, L.J.; Barr, P.M.; Iii, J.D.W.; Constine, L.S.; Fitzgerald, T.J.;
et al. Positron Emission Tomography–Directed Therapy for Patients With Limited-Stage Diffuse Large B-Cell Lymphoma: Results
of Intergroup National Clinical Trials Network Study S1001. J. Clin. Oncol. 2020, 38, JCO2000999. [CrossRef]

30. Augustyn, A.; Medeiros, L.J.; Ludmir, E.B.; Gunther, J.; Fang, P.; Li, S.; Ok, C.Y.; Bankston, M.E.; Verma, V.; Pasalic, D.; et al. The
impact of cell-of-origin, MYC/Bcl-2 dual expression and MYC rearrangement on disease relapse among early stage diffuse large
B-cell lymphoma patients treated with combined modality therapy. Leuk. Lymphoma 2021, 62, 1–12. [CrossRef]

31. Torka, P.; Kothari, S.K.; Sundaram, S.; Li, S.; Medeiros, L.J.; Ayers, E.C.; Landsburg, D.J.; Bond, D.A.; Maddocks, K.J.; Giri, A.;
et al. Outcomes of patients with limited-stage aggressive large B-cell lymphoma with high-risk cytogenetics. Blood Adv. 2020, 4,
253–262. [CrossRef] [PubMed]

32. Oskarsson, T. Extracellular matrix components in breast cancer progression and metastasis. Breast 2013, 22, S66–S72. [CrossRef]
33. Erdogan, B.; Webb, D.J. Cancer-associated fibroblasts modulate growth factor signaling and extracellular matrix remodeling to

regulate tumor metastasis. Biochem. Soc. Trans. 2017, 45, 229–236. [CrossRef] [PubMed]
34. Jena, M.K.; Janjanam, J. Role of extracellular matrix in breast cancer development: A brief update. F1000Research 2018, 7, 274.

[CrossRef]
35. Kai, F.; Drain, A.P.; Weaver, V.M. The Extracellular Matrix Modulates the Metastatic Journey. Dev. Cell 2019, 49, 332–346.

[CrossRef]
36. Eble, J.A.; Niland, S. The extracellular matrix in tumor progression and metastasis. Clin. Exp. Metastasis 2019, 36, 171–198.

[CrossRef]
37. Moreira, A.M.; Pereira, J.; Melo, S.; Fernandes, M.S.; Carneiro, P.; Seruca, R.; Figueiredo, J. The Extracellular Matrix: An

Accomplice in Gastric Cancer Development and Progression. Cells 2020, 9, 394. [CrossRef]
38. Cioroianu, A.I.; Stinga, P.I.; Sticlaru, L.; Cioplea, M.D.; Nichita, L.; Popp, C.; Staniceanu, F. Tumor Microenvironment in Diffuse

Large B-Cell Lymphoma: Role and Prognosis. Anal. Cell. Pathol. 2019, 2019, 1–9. [CrossRef] [PubMed]
39. Mulder, T.A.; Wahlin, B.E.; Österborg, A.; Palma, M. Targeting the Immune Microenvironment in Lymphomas of B-Cell Origin:

From Biology to Clinical Application. Cancers 2019, 11, 915. [CrossRef] [PubMed]
40. Pan, T.; He, Y.; Chen, H.; Pei, J.; Li, Y.; Zeng, R.; Xia, J.; Zuo, Y.; Qin, L.; Chen, S.; et al. Identification and Validation of a Prognostic

Gene Signature for Diffuse Large B-Cell Lymphoma Based on Tumor Microenvironment-Related Genes. Front. Oncol. 2021, 11, 59.
[CrossRef] [PubMed]

41. Bignon, M.; Pichol-Thievend, C.; Hardouin, J.; Malbouyres, M.; Bréchot, N.; Nasciutti, L.; Barret, A.; Teillon, J.; Guillon, E.;
Etienne, E.; et al. Lysyl oxidase-like protein-2 regulates sprouting angiogenesis and type IV collagen assembly in the endothelial
basement membrane. Blood 2011, 118, 3979–3989. [CrossRef] [PubMed]

42. Lochter, A.; Bissell, M.J. Involvement of extracellular matrix constituents in breast cancer. Semin. Cancer Biol. 1995, 6, 165–173.
[CrossRef] [PubMed]

43. Anderson, K.J.; Cormier, R.T.; Scott, P.M. Role of ion channels in gastrointestinal cancer. World J. Gastroenterol. 2019, 25, 5732–5772.
[CrossRef] [PubMed]

44. Prevarskaya, N.; Skryma, R.; Shuba, Y. Ion Channels in Cancer: Are Cancer Hallmarks Oncochannelopathies? Physiol. Rev. 2018,
98, 559–621. [CrossRef]

45. Castro, F.; Cardoso, A.P.; Goncalves, R.M.; Serre, K.; Oliveira, M.J. Interferon-Gamma at the Crossroads of Tumor Immune
Surveillance or Evasion. Front. Immunol. 2018, 9, 847. [CrossRef] [PubMed]

46. Alspach, E.; Lussier, D.M.; Schreiber, R.D. Interferon gamma and Its Important Roles in Promoting and Inhibiting Spontaneous
and Therapeutic Cancer Immunity. Cold Spring Harb. Perspect. Biol. 2019, 11, a028480. [CrossRef]

47. Vidal, P.S. Interferon α in cancer immunoediting: From elimination to escape. Scand. J. Immunol. 2020, 91, e12863. [CrossRef]
48. Aricò, E.; Castiello, L.; Capone, I.; Gabriele, L.; Belardelli, F. Type I Interferons and Cancer: An Evolving Story Demanding Novel

Clinical Applications. Cancers 2019, 11, 1943. [CrossRef] [PubMed]

http://doi.org/10.1182/blood-2003-05-1545
http://doi.org/10.1146/annurev-cancerbio-030518-055734
http://doi.org/10.1182/bloodadvances.2019000251
http://www.ncbi.nlm.nih.gov/pubmed/31285189
http://doi.org/10.1111/bjh.13766
http://www.ncbi.nlm.nih.gov/pubmed/26456939
http://doi.org/10.1080/10428194.2018.1506586
http://doi.org/10.1200/JCO.20.00999
http://doi.org/10.1080/10428194.2020.1869965
http://doi.org/10.1182/bloodadvances.2019000875
http://www.ncbi.nlm.nih.gov/pubmed/31945157
http://doi.org/10.1016/j.breast.2013.07.012
http://doi.org/10.1042/BST20160387
http://www.ncbi.nlm.nih.gov/pubmed/28202677
http://doi.org/10.12688/f1000research.14133.2
http://doi.org/10.1016/j.devcel.2019.03.026
http://doi.org/10.1007/s10585-019-09966-1
http://doi.org/10.3390/cells9020394
http://doi.org/10.1155/2019/8586354
http://www.ncbi.nlm.nih.gov/pubmed/31934533
http://doi.org/10.3390/cancers11070915
http://www.ncbi.nlm.nih.gov/pubmed/31261914
http://doi.org/10.3389/fonc.2021.614211
http://www.ncbi.nlm.nih.gov/pubmed/33692952
http://doi.org/10.1182/blood-2010-10-313296
http://www.ncbi.nlm.nih.gov/pubmed/21835952
http://doi.org/10.1006/scbi.1995.0017
http://www.ncbi.nlm.nih.gov/pubmed/7495985
http://doi.org/10.3748/wjg.v25.i38.5732
http://www.ncbi.nlm.nih.gov/pubmed/31636470
http://doi.org/10.1152/physrev.00044.2016
http://doi.org/10.3389/fimmu.2018.00847
http://www.ncbi.nlm.nih.gov/pubmed/29780381
http://doi.org/10.1101/cshperspect.a028480
http://doi.org/10.1111/sji.12863
http://doi.org/10.3390/cancers11121943
http://www.ncbi.nlm.nih.gov/pubmed/31817234


Cancers 2021, 13, 3954 17 of 17

49. Sistigu, A.; Yamazaki, T.; Vacchelli, E.; Chaba, K.; Enot, D.P.; Adam, J.; Vitale, I.; Goubar, A.; Baracco, E.; Remédios, C.; et al.
Cancer cell–autonomous contribution of type I interferon signaling to the efficacy of chemotherapy. Nat. Med. 2014, 20, 1301–1309.
[CrossRef]
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