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Background: Tumor necrosis factor-308 (TNF-308) was implied to be associated with the 

development of non-Hodgkin lymphoma (NHL). The aim of this meta-analysis study was to investigate 

the association of TNF-308A polymorphism with the susceptibility to, and prognosis of, NHL.

Methods: PubMed, Web of Science, Elsevier, HighWire, Scopus, and Google Scholar were 

searched up to May 2015. The association of TNF-308 polymorphism with the risk of NHL 

and prognosis was assessed by odds ratio and hazard ratio, respectively.

Results: Overall, TNF-308G.A polymorphism increased the risk of NHL, B-cell lymphomas 

(BCL), and T-cell lymphomas and decreased the risk of follicular lymphomas. In stratified 

analysis, increased risk of BCL and diffuse large B-cell lymphomas (DLBCL) were observed 

in Caucasians and population-based studies, whereas decreased risk of NHL, BCL, and DLBCL 

were detected in Asians and hospital-based studies. Furthermore, pooled results of 1,192 patients 

with NHL from five studies suggested that TNF-308A was correlated with shorter progression-

free survival and overall survival in patients with NHL, BCL, and DLBCL.

Conclusion: Current evidence indicated that TNF-308A polymorphism was significantly 

associated with the risk and prognosis of NHL. Future studies should further confirm these 

associations in other NHL subtypes and ethnicities.

Keywords: tumor necrosis factor, polymorphism, rs1800629, lymphomas, susceptibility, 

survival outcome

Introduction
Non-Hodgkin lymphoma (NHL) is a heterogeneous group of neoplasms, developing 

from B-cell, T-cell, and natural killer (NK)/T-cell, with various clinical and biological 

features.1 There were ~355,900 new cases and 191,400 deaths from NHL worldwide 

in 2008.2 The numbers continued to increase with estimated 385,700 new cases and 

199,700 deaths in 2012.3 Epidemiologic studies have examined the etiology of NHL, 

identifying smoking, alcohol use, infectious agents, family history of lymphoma, 

autoimmune disease, asthma, and radiation exposure as risk factors.1,4–6

Tumor necrosis factor-alpha (TNF-α) is the activator of canonical pathway of 

nuclear factor kappa B and is associated with the process of cellular growth, differen-

tiation, and apoptosis.7 It is also noted that TNF-α is involved in the pathogenesis of 

inflammatory, autoimmune, and malignant diseases.8 Accumulating evidence indicates 

that the variation in the promoter of TNF-α polymorphism (rs1800629) is correlated 

with the susceptibility to and progression and prognosis of NHL.9–11

The association between TNF-308G.A and the risk of NHL was examined in the 

previous three reviews and meta-analyses.12–14 A previous study published in 2006 
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pooled the data of eight studies from an International Lym-

phoma Epidemiology Consortium,12 which only examined 

patients with diffuse large B-cell lymphomas (DLBCL) and 

follicular lymphomas (FL) in Caucasians, the most common 

forms of NHL.15 In 2010, Skibola et al extended the previous 

study and examined the risk of TNF-308G.A in NHL and 

other subtypes in different ethnicities.13 The recent study by 

Zhai et al further pooled the data of 18 studies and examined 

this association in a larger population.14

However, odds ratio (OR) was either estimated using 

unconditional logistic regression models in the previous 

two meta-analyses12,13 or only examined in additive model 

(A vs G) in the recent one.14 Besides, this association was 

merely analyzed in ethnicity subgroups in the previous meta-

analyses without stratification by the source of controls. More-

over, the prognosis value of TNF-308A in patients with NHL 

had not been examined in the previous meta-analyses.

We, therefore, performed this meta-analysis, aiming 

to further evaluate the association between TNF-308G.A 

and the susceptibility to NHL under five genetic models 

and exploring the potential difference among ethnicities and 

sources of controls, as well as its correlation with survival 

outcome in patients with NHL.

Materials and methods
Publication search
The databases of PubMed, Web of Science, Elsevier, 

HighWire, Scopus, and Google Scholar were searched up 

to May 2015 using the following terms: “TNF-308G.A 

polymorphism, rs1800629, or tumor necrosis factor-alpha” 

and “non-Hodgkin lymphomas, NHL, or lymphomas.” Addi-

tional studies in the reference list of key articles and relevant 

reviews were also identified manually to further refine our 

research results. All the articles were retrieved independently 

by two researchers (S Gao and G Zhu).

selection criteria
The articles included should meet the following criteria: 1) the 

study should be a case–control design; 2) the study should have 

investigated the association of TNF-308 with the risk of NHL 

or prognosis; 3) data should be available to calculate OR or 

hazard ratio (HR); and 4) subjects included in the study should 

not be a human immunodeficiency virus (HIV)-negative popu-

lation. In addition, the data of the same population reported in 

more than one study should be used only once.

Data extraction
A standard data collection form was used to extract the rel-

evant information by two investigators (S Gao and Y Lin) 

independently, which included the first author, year of 

publication, sample size, ethnicity, source of control, and 

the genotype distribution of cases and controls or HRs with 

corresponding 95% confidence intervals (CIs). If HR was not 

reported in the article, Engauge Digitizer Version 4.1 was 

used to estimate the HR and 95% CI. The ethnicities were 

categorized as Caucasian or Asian, and the source of controls 

was categorized as population based or hospital based. Any 

discrepancies were discussed to reach an agreement.

statistical analysis
For susceptibility analysis, Hardy–Weinberg equilibrium 

(HWE) of each study was assessed by chi-square test in 

controls with P,0.05, which was considered a departure 

from HWE. OR was used to measure the strength of the 

association between TNF-308G.A and the risk of NHL. 

Pooled OR was assessed under the allelic (A vs G), dominant 

(AA/GA vs GG), recessive (AA vs GA/GG), homozygous 

(AA vs GG), and heterozygous models (GA vs GG). The 

heterogeneity among the studies was estimated by Q-test 

and I2 value; if I2 .50%, which was considered significant 

heterogeneity, a random- or fixed-effect model was used. 

Subgroup analysis was implemented, which was stratified 

by ethnicity and the source of controls. When a large amount 

of heterogeneity was exhibited, meta-regression analysis or 

sensitivity analysis was performed to explore the source of 

heterogeneity. Funnel plots and Egger’s test were applied to 

estimate the potential publication bias.

For survival outcome, HR with 95% CI was used to 

estimate the association between TNF-308A and prognosis 

in patients with NHL. The heterogeneity among studies was 

evaluated by Q-test and I2 value. If I2 .50%, which was 

considered significant heterogeneity, a random- or fixed-

effect model was employed. Sensitivity analysis was also 

conducted to examine the influence of single study on pooled 

estimate. Publication bias was evaluated by funnel plots and 

Egger’s test.

All the analyses were implemented with Stata Version 11.0. 

P,0.05 was considered statistically significant, and all 

P-values were two sided.

Results
The titles and abstracts of 221 records from the databases 

and another 18 articles from the reference lists were screened 

for eligibility. Eventually, 17 articles met the abovemen-

tioned criteria,9,16–31 where nine studies were further excluded 

because of the following reasons: insufficient data in six 

articles,5,6,10,32–34 the subjects were HIV-positive patients,35 or 

studies focused on the risk of relapse (Figure 1).11 Among 
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the 17 pooled studies, 15 studies were used to analyze the 

association between TNF-308G.A and the risk of NHL and 

five studies to investigate the prognostic values of TNF-308A 

in patients with NHL.

susceptibility analysis
characteristics of 15 pooled studies
A total of 15 eligible studies, which included 10,609 cases 

and 10,660 controls, were included to evaluate the associa-

tion between TNF-308G.A (rs1800629) and the genetic 

susceptibility to NHL.9,16–29 Of these, there were eleven 

studies of Caucasian descendants and four studies of Asian 

descendants. The source of controls was population based 

in eleven studies and hospital based in another four studies. 

None of the genotype distributions in control groups were 

deviated from HWE. The characteristics of 15 pooled studies 

are summarized in Table 1.

TnF-308g.a polymorphism and overall risk 
of nhl
Among the enrolled 10,609 NHL cases and 10,660 controls, 

significantly increased risks were observed in recessive 

genetic (AA vs GA/GG, OR =1.42, 95% CI: 1.021–1.974, 

P=0.037; Figure 2) and homozygous models (AA vs GG, 

OR =1.434, 95% CI: 1.017–2.021, P=0.04) when all the 

eligible data were pooled together (Table 2). In the stratifi-

cation analysis by ethnicity, consistent results were detected 

in allelic (A vs G, OR =1.148, 95% CI: 0.007–1.309, 

P=0.039), homozygous (AA vs GG, OR =1.591, 95% CI: 

1.098–2.306, P=0.014), and recessive models (AA vs GA/

GG, OR =1.564, 95% CI: 1.094–2.236, P=0.014) in Cauca-

sians. However, the risk was reduced under heterozygous 

model (GA vs GG, OR =0.816, 95% CI: 0.704–0.947, 

P=0.007; Figure 3A). In the subgroup analysis based on the 

source of controls, the risk was only reduced in hospital-

based studies when GA genotype was compared with GG 

genotype (OR =0.838, 95% CI: 0.732–0.961, P=0.011; 

Figure 3B).

TnF-308g.a polymorphism and the risk of B-cell 
lymphomas and its subtypes
TNF-308G.A was associated with significantly increased 

risk of B-cell lymphomas (BCL) in recessive (AA vs GA/GG, 

OR =1.498, 95% CI: 1.038–2.163, P=0.031) and homozy-

gous models (AA vs GG, OR =1.518, 95% CI: 1.035–2.225, 

P=0.033; Table 2). When stratified by ethnicity, a statisti-

cally significant association between TNF-308G.A and the 

increased risk of BCL was observed in Caucasians under 

recessive (AA vs GA/GG, OR =1.581, 95% CI: 1.051–2.377, 

P=0.028) and homozygous models (AA vs GG, OR =1.611, 

Figure 1 Flow diagram of the study selection process.
Abbreviation: HIV, human immunodeficiency virus.
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95% CI: 1.054–2.496, P=0.028; Table 2). Conversely, there 

was a significant lower risk in Asians under heterozygous 

model (GA vs GG, OR =0.799, 95% CI: 0.669–0.954, 

P=0.013; Figure 4A). In the stratified analysis by the source 

of controls, a significant increased risk of BCL was found 

in population-based studies under the allelic model (A vs G, 

OR =1.2, 95% CI: 1.003–1.437, P=0.047), whereas decreased 

risk was found in hospital-based studies under heterozy-

gous model (GA vs GG, OR =0.832, 95% CI: 0.751–0.967, 

P=0.017; Figure 4B).

Table 1 characteristics of 15 pooled studies evaluating the association between TnF-308g.a polymorphism and the risk of nhl

References Year Ethnicity Source Genotype distribution (case/control)

GG AG AA GG AG AA HWE

Osman et al9 2009 caucasian hB 59 34 1 79 51 9 0.26
Bel et al16 2006 caucasian PB 107 49 4 120 59 15 0.84
nasiri et al17 2013 caucasian PB 105 22 2 58 9 1 0.8
cerhan et al18 2008 caucasian hB 332 129 9 304 117 18 0.68
liu et al19 2013 asian hB 260 40 0 264 27 0 0.47
Juszczynski et al20 2002 caucasian PB 85 32 3 151 49 4 1
Warzocha et al21 1998 caucasian PB 69 24 3 203 65 5 1
Xiao and Zhang22 2010 asian PB 174 35 5 138 20 2 0.16
hosgood et al23 2013 asian hB 3,091 506 25 1,702 221 9 0.69
gu et al24 2014 asian PB 186 40 5 49 12 3 0.29
gu et al24 2014 asian PB 190 14 0 78 13 0 0.88
Fernberg et al25 2010 caucasian PB 1,007 431 46 1,490 675 102 1
spink et al26 2006 caucasian PB 590 312 44 627 317 40 0.95
ibrahima et al27 2012 caucasian PB 67 27 6 41 21 22 0.38
Morton et al28 2008 caucasian PB 696 207 18 799 298 38 0.85
Purdue et al29 2007 caucasian PB 318 143 21 345 164 25 0.63

Abbreviations: hB, hospital based; hWe, hardy–Weinberg equilibrium; nhl, non-hodgkin lymphoma; PB, population based; TnF, tumor necrosis factor.

Figure 2 association between TnF-308g.a polymorphism and the risk of nhl in recessive model.
Note: Weights are from random effects analysis.
Abbreviations: CI, confidence interval; NHL, non-Hodgkin lymphoma; OR, odds ratio; TNF, tumor necrosis factor.
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Figure 3 association between TnF-308g.a polymorphism and the risk of nhl in heterozygous model.
Notes: (A) Stratified by ethnicity. (B) Stratified by the source of control.
Abbreviations: CI, confidence interval; HB, hospital based; NHL, non-Hodgkin lymphoma; OR, odds ratio; PB, population based; TNF, tumor necrosis factor.
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Figure 4 association between the risk of Bcl and TnF-308g.a polymorphism in heterozygous model.
Notes: (A) Stratified by ethnicity. (B) Stratified by the source of control.
Abbreviations: BCL, B-cell lymphomas; CI, confidence interval; HB, hospital based; OR, odds ratio; PB, population based; TNF, tumor necrosis factor.

There was no significant association between TNF-

308G.A polymorphism and the susceptibility to DLBCL, 

when all the data of DLBCL were pooled together. This 

association was only identified in Caucasians under the 

allelic (A vs G, OR =1.172, 95% CI: 1.035–1.325, P=0.012), 

dominant (AA/GA vs GG, OR =1.18, 95% CI: 1.047–1.33, 

P=0.007), and heterozygous models (GA vs GG, OR =1.155, 

95% CI: 1.023–1.304, P=0.02; Figure 5A and Table 2). 
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Figure 5 association between the risk of DlBcl and TnF-308g.a polymorphism in heterozygous model.
Notes: (A) Stratified by ethnicity. (B) Stratified by the source of control. Weights are from random effects analysis.
Abbreviations: CI, confidence interval; DLBCL, diffuse large B-cell lymphomas; HB, hospital based; OR, odds ratio; PB, population based; TNF, tumor necrosis factor.

When stratified by the source of controls, the risk was 

increased in population-based studies under allelic (A vs G, 

OR =1.2, 95% CI: 1.038–1.387, P=0.014), dominant (AA/

GA vs GG, OR =1.215, 95% CI: 1.058–1.395, P=0.006), 

and heterozygous models (GA vs GG, OR =1.185, 95% CI: 

1.048–1.339, P=0.007), while it was decreased in hospital-

based studies under dominant (AA/GA vs GG, OR =0.751, 

95% CI: 0.577–0.987, P=0.033) and heterozygous models 

(GA vs GG, OR =0.73, 95% CI: 0.589, 0.905, P=0.004; 

Figure 5B and Table 2).
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Pooled results from six studies showed that people with 

TNF-308.A polymorphism had a decreased risk of FL under 

dominant (AA/GA vs GG, OR =0.876, 95% CI: 0.772–0.996, 

P=0.043; Figure 6) and heterozygous models (GA vs GG, 

OR =0.862, 95% CI: 0.755–0.985, P=0.029). However, no 

significant association between TNF-308G.A polymor-

phism and the risk of FL was observed when stratified by 

ethnicity. Further subgroup analysis based on the source of 

controls indicated that the risk of FL was only increased in 

hospital-based studies under homozygous model (AA vs GG, 

OR =2.533, 95% CI: 1.08–5.938, P=0.033; Table 2).

Based on the results of three studies, there was no sig-

nificant association between TNF-308G.A polymorphism 

and the susceptibility to chronic lymphocytic leukemia 

(Table 2).

TnF-308g.a polymorphism and the risk of T-cell 
lymphomas and nK/T-cell lymphomas
The pooled results of three studies indicated that a sig-

nificantly increased risk of T-cell lymphomas (TCL) was 

observed, when GA genotype was compared with GG 

genotype (OR =16.759, 95% CI: 7.909–35.477, P,0.001; 

Figure 7). There were no significant correlations between 

TNF-308G.A and the risk of NK/TCL based on the data 

of two studies.

evaluation of heterogeneity and publication bias
There were some heterogeneities in the outcomes of overall 

NHL, BCL, DLBCL, and TCL. We performed subgroup 

analysis and meta-regression to investigate the sources of 

heterogeneity among studies. As shown earlier, the hetero-

geneity was decreased in some of the outcomes after the 

stratification of ethnicity and source of controls (Table 2). 

Furthermore, ethnicity (allelic model, P=0.044; recessive 

model, P=0.029) and publication years (recessive model, 

P=0.039) were identified as the sources of heterogeneity 

based on the results of meta-regression. Therefore, the pub-

lication year, ethnicity, and source of controls all may con-

tribute to the heterogeneity exhibited in this meta-analysis. 

Sensitivity analysis was also performed, and the studies of 

Figure 6 association between the risk of Fl and TnF-308g.a polymorphism in homozygous model.
Note: Weights are from random effects analysis.
Abbreviations: CI, confidence interval; FL, follicular lymphomas; OR, odds ratio; TNF, tumor necrosis factor.

Figure 7 association between the risk of Tcl and TnF-308g.a polymorphism in homozygous model.
Abbreviations: CI, confidence interval; OR, odds ratio; TCL, T-cell lymphomas; TNF, tumor necrosis factor.
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Hosgood et al23 and Morton et al28 were identified as outliers 

in the outcomes of NHL, DLBCL, and BCL. Publication 

bias was evaluated using Egger’s test and funnel plots, and 

obvious asymmetry was detected only in the recessive and 

homozygous models of FL.

Prognosis analysis
Characteristics of five pooled studies
We collected the data of five studies,9,20,21,30,31 including 

1,192 patients with NHL to analyze the correlation of TNF-

308A with the survival outcomes in patients with NHL. 

Three studies evaluated the independent prognostic role of 

TNF-308A (the presence of one or more mutant alleles), and 

another two studies assessed TNF-308/LT-α+252 polymor-

phic high-producer alleles (at least two variant alleles). The 

progression-free survival (PFS) was reported as a survival 

outcome in three studies, overall survival (OS) in three stud-

ies, and probability of event-free survival in one study. The 

characteristics of the five studies are shown in Table 3.

TnF-308a and survival outcomes
The pooled results of five studies, involving 1,192 patients 

with NHL, suggested that TNF-308A was significantly 

related to poor OS and PFS in patients with NHL, where 

the pooled HR was 1.526 (95% CI: 1.378–1.690, P,0.001; 

Figure 8A) and 1.967 (95% CI: 1.438–2.689, P,0.001; 

Figure 8B), respectively. Furthermore, the PFS was shorter 

among patients with BCL with TNF-308A (HR =2.451, 

95% CI: 1.536–3.912, P,0.001; Figure 9). The presence 

of TNF-308A was also associated with worse outcomes in 

patients with DLBCL (OS: HR =1.437, 95% CI: 1.260–1.638, 

P,0.001; PFS: HR =1.555, 95% CI: 1.325–1.826, P,0.001; 

Table 4).

sensitivity analysis and publication bias
With substantial heterogeneity in the results of PFS in 

patients with NHL and BCL, the sensitivity analysis was 

performed to evaluate the influence of single study on the 

overall estimate, and the study of Osman et al was identified 

as an outlier. No publication bias was observed except OS 

in patients with NHL (P=0.044).

Discussion
The research suggested that TNF-308A could be utilized to 

identify the potential susceptible population of NHL.36 We 

extended the previous meta-analyses and reviews to further 

assess the association of TNF-308A with the risk of NHL in 

different ethnicities and the source of controls. Our results 

showed that TNF-308A may be a risk factor of overall NHL, 

BCL, and DLBCL in Caucasians and healthy population, but 

not in Asian and hospital population. Besides, the risk of FL 

was also decreased in the carriers of TNF-308A.

In line with the previous two meta-analyses and reviews,13,14 

our analysis confirmed the associations of TNF-308G.A 

with the increased risks of all NHL and BCL in Caucasians 

and decreased risks in Asians. The different risks of NHL in 

Caucasians and Asians suggested that ethnic background and 

genetic structure played a critical role in the susceptibility to 

NHL.37 Contrary to Zhai et al’s study,14 this significant asso-

ciation was observed only when GA genotype was compared 

with GG genotype, rather than the additive model (A vs G) in 

the recent one, which may be explained by the fact that AA 

genotype of TNF-308 was unlikely to influence the risk of 

NHL, as indicated in a pooled analysis.13 Besides, there was 

no significant association between TNF-308G.A and the 

decreased risk of DLBCL in Asians, which was consistently 

reported in the previous two meta-analyses.13,14 It is possible 

Table 3 Characteristics of five pooled studies evaluating the correlation between TNF-308 and the survival outcome in patients with NHL

References Year Ethnicity Case (n) Control (n) Type Outcome HR (95% CI) Risk factor

Osman et al9 2009 caucasian 60 79 Bcl PFs 6.5 (1.9830, 21.3059) TnF-308a
Juszczynski et al20 2002 caucasian 53 151 nhl PFs 1.63 (1.4155, 1.877) TnF-308a

caucasian 53 151 nhl Os 1.51 (1.3557, 1.6819) TnF-308a
caucasian 32 72 DlBcl PFs 1.52 (1.2893, 1.7920) TnF-308a
caucasian 32 72 DlBcl Os 1.43 (1.2442, 1.6435) TnF-308a

Warzocha et al21 1998 caucasian 76 197 nhl PFs 1.96 (1.4, 2.73) TnF/lT-α
caucasian 76 197 nhl Os 2.08 (1.26, 3.43) TnF/lT-α
caucasian 42 84 DlBcl PFs 2.33 (1.17, 4.64) TnF/lT-α
caucasian 42 84 DlBcl Os 1.92 (0.63, 5.80) TnF/lT-α
caucasian 18 78 Fl PFs 3.08 (2.1, 4.52) TnF/lT-α

seidemann et al30 2005 caucasian 74 137 Bcl peFs 2.34 (1.01, 5.43) TnF/lT-α
habermann et al31 2008 caucasian 121 244 DlBcl Os 1.44 (0.95, 2.18) TnF-308a

Abbreviations: BCL, B-cell lymphomas; CI, confidence interval; DLBCL, diffuse large B-cell lymphomas; FL, follicular lymphomas; HR, hazard ratio; LT-α, lymphotoxin-α; 
nhl, non-hodgkin lymphoma; Os, overall survival; peFs, probability of event-free survival; PFs, progression-free survival; TnF, tumor necrosis factor.
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that the substantial heterogeneity among Asian subgroups 

makes it insignificant in our meta-analysis.

Contrary to the previous results of meta-analysis, our 

results showed that TNF-308G.A reduced the risks of FL 

among 1,559 cases and 10,669 controls. However, the previous 

meta-analysis, based on the data of eight studies from the 

International Lymphoma Epidemiology Consortium, sug-

gested that no significant association was detected between 

TNF-308G.A and the risk of FL.12 Similarly, no pronounced 

association was observed neither in the extended meta-analysis 

Figure 8 association between TnF-308a and the progression-free survival and overall survival in patients with nhl.
Notes: (A) Progression-free survival. (B) Overall survival. Weights are from random effects analysis.
Abbreviations: CI, confidence interval; HR, hazard ratio; NHL, non-Hodgkin lymphoma; TNF, tumor necrosis factor.

Figure 9 association between TnF-308a and the PFs in patients with Bcl.
Abbreviations: BCL, B-cell lymphomas; CI, confidence interval; HR, hazard ratio; PFS, progression-free survival; TNF, tumor necrosis factor.
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published in 201013 nor in the recent one.14 This could largely 

be attributed to the small number of cases in the previous 

two studies. Besides, the insignificant association may also 

be the results of the genetic models used in the recent one in 

which this association was assessed only in the additive model 

(A vs G), whereas this correlation was shown in dominant and 

heterozygous models in the present meta-analysis.

We also performed the subgroup analysis based on 

the source of controls, which demonstrated a significantly 

decreased risk of NHL, BCL, and DLBCL in hospital-based 

studies, whereas increased risk of DLBCL and BCL in 

population-based studies. The plausible explanation may 

be that many risk factors of NHL are relatively common in 

hospital patients, such as smoking,38 obesity,39 and immune 

system disease,34 compared with healthy population. This 

contrary conclusion also suggested that the source of 

controls should be taken into account when the associa-

tion of TNF-308G.A with the susceptibility to NHL was 

interpreted. However, the stratified analysis by the source 

of controls had not been performed in the previous three 

meta-analyses.12–14

According to the results of sensitivity analysis, the stud-

ies of Hosgood et al23 and Morton et al28 were identified as 

outliers in the susceptibility analysis of NHL, BCL, and 

DLBCL. It is noted that the risk of NHL in Asian populations 

was contrary to Caucasians. However, the study of Hosgood 

et al focused on three Asian populations, including Hong 

Kong, South Korea, and People’s Republic of China, which 

enrolled 2,635 NHL cases and 4,234 controls, while other 

studies of Asian populations were in smaller numbers. As 

such, the result of this larger Asian population may be one of 

the resources of heterogeneity among the pooled population. 

The control group of Morton et al’s study consisted of a small 

percentage of African–Americans, while the population was 

mainly Caucasians in the study of Morton et al.28 The research 

showed that the risk of NHL was higher in African–Americans 

than in other ethnicities. This mixed ethnicity may also be a 

source of difference in overall outcomes.

In addition to the results of genetic susceptibility to TNF-

308G.A, we examined the potential correlation between 

TNF-308A and the survival outcome in patients with NHL, 

which had not been examined in the previous meta-analyses. 

The PFS and OS were shorter in patients with NHL with 

TNF-308A, based on the data of 1,192 patients with NHL. 

Besides, the present results indicated that TNF-308A was a 

risk factor for the survival outcome in patients with BCL and 

DLBCL. Consistent with the study of Cerhan et al,32 no sig-

nificant association of TNF-308A with survival was detected 

in patients with FL in the study of Warzocha et al.21

Lymphotoxin-α (LTA) 252A.G was in linkage disequi-

librium with TNF-308G.A, which led to the inseparable 

effect of survival in the studies of Seidemann et al30 and 

Warzocha et al.21 Both of the studies suggested that the high-

risk haplotype (the presence of two or more alleles, either 

TNF-A or LTA-α) was associated with poorer survival out-

come (Table 4). Nevertheless, previous studies indicated that 

TNF-308 is the primary contributor of worse survival outcome 

of patients with NHL, and its association with LTA 252 was 

insignificant.40 Therefore, we may conclude that the presence 

of TNF-308A is a predictor of worse prognosis of NHL.

According to the results of sensitivity analysis of survival 

outcomes, hazard ratio (HR) was much higher than the HR in 

the other four studies in the study of Osman et al.9 It is likely 

that this higher risk leads to the substantial heterogeneity 

exhibited in the result of PFS in NHL and BCL.

limitations and future directions
We searched only six databases for all available full texts 

and failed to include all the studies from the International 

Lymphoma Epidemiology Consortium due to the unavailable 

access to full text, which had been repeatedly used in the pre-

vious meta-analyses. Besides, the less common histological 

subtypes were reported in few studies, limiting the statistical 

power of pooled estimated OR and hindering a more thorough 

interpretation of the associations between TNF-308G.A 

and NHL subtypes. Moreover, we acknowledged that the 

population selection bias may exist in our study, with only 

Asians and Caucasians in the susceptibility analysis and 

Caucasians in prognosis analysis. Finally, only five studies 

were included to evaluate the correlation of TNF-308G.A 

and NHL survival. It is hard to exclude the possibility that 

this correlation may become insignificant after pooling the 

results of more studies.

Table 4 results of the correlation of TnF-308 with survival 
outcomes in patients with nhl

Sample size

Type Outcome N Case/
control

I2 P-value HR 95% CI

nhl PFs 4 263/564 53.90 ,0.001 1.967 (1.438–2.689)
nhl Os 3 250/259 0 ,0.001 1.526 (1.378–1.690)
Bcl PFs 4 226/450 76.4 ,0.001 2.451 (1.536–3.912)
DlBcl Os 3 195/400 0 ,0.001 1.437 (1.260–1.638)
DlBcl PFs 2 74/156 28.4 ,0.001 1.555 (1.325–1.826)

Abbreviations: BCL, B-cell lymphomas; CI, confidence interval; DLBCL, diffuse 
large B-cell lymphomas; hr, hazard ratio; n, number of studies; nhl, non-hodgkin 
lymphoma; Os, overall survival; PFs, progression-free survival; TnF, tumor necrosis 
factor.
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Future expanded studies that would investigate the 

correlation of TNF-308 with other rare NHL subtypes may be 

warranted. Similarly, future efforts are also needed to assess 

the role of TNF-308A with the risk of NHL in larger Asian 

and African populations. Considering the small number of 

prognosis analyses, future studies that would explore the 

prognosis value of TNF-308 in patients with NHL may 

further refine our current outcomes.

Conclusion
Overall, our study found that TNF-308G.A polymorphism 

was associated not only with increased risks of NHL, BCL, 

and TCL and decreased risk of FL but also with shorter PFS 

and OS in patients with NHL, BCL, and DLBCL. However, 

those associations varied among different ethnicities and the 

source of controls, in which increased risk of NHL, BCL, and 

DLBCL was observed in Caucasians, whereas decreased risk 

of NHL and BCL in Asians. Meanwhile, the risk of NHL, 

BCL, and DLBCL was decreased in hospital-based popula-

tion, while the risk of BCL and DLBCL was increased in 

population-based studies. Future studies focused on other 

NHL subtypes, and ethnicity groups may further our under-

standing of the association of TNF-308 with the susceptibility 

to and prognosis of NHL and its subtypes.
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