
Int J Clin Exp Med 2019;12(9):11280-11292
www.ijcem.com /ISSN:1940-5901/IJCEM0096647

Original Article
Clinical characteristics, prognostic factors, and  
histone deacetylase 6 expression in primary  
gastric diffuse large B-cell lymphoma

Shenhe Jin1, Hui Liu2,4, Chunmei Yang2,4, Liangshun You2,4,5, Wei Ding3, Wenbin Qian2,4,5, Juying Wei2,4

1Department of Hematology, Sir Run Run Shaw Hospital, College of Medicine, Zhejiang University, Hangzhou, P. 
R. China; Departments of 2Hematology, 3Pathology, 4Malignant Lymphoma Diagnosis and Therapy Center, The 
First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, P. R. China; 5Institute of Hematology, 
Zhejiang University, Hangzhou, P. R. China

Received May 7, 2019; Accepted July 11, 2019; Epub September 15, 2019; Published September 30, 2019

Abstract: Primary gastric diffuse large B-cell lymphoma (PG-DLBCL) is a heterogeneous disease. Prognostic factors 
and treatments of PG-DLBCL, however, remain controversial. In the current study, clinical data of 103 PG-DLBCL 
patients were retrospectively analyzed. Moreover, 29 available tumor samples were obtained, examining expression 
levels and prognostic significance of histone deacetylase 6 (HDAC6). The 5-year overall survival (OS) and progres-
sion free survival (PFS) rates were 83.4% and 68.4%. B-symptoms, elevated lactate dehydrogenase (LDH), de-
creased albumin, poor performance status (PS ECOG ≥ 2), high international prognostic index scores (IPI ≥ 3), and 
advanced stages were associated with poor prognosis. Of these, elevated LDH, poor PS, and advanced stages were 
shown to be independent prognostic factors. High HDAC6 expression was associated with limited stage and better 
OS. Rituximab-containing chemotherapy showed better OS and PFS in patients of ECOG ≥ 2, which also showed bet-
ter PFS in elderly patients (age > 60 years). Rituximab maintenance after 6 cycles of R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisolone) chemotherapy improved OS and PFS. Current results showed 
that elevated LDH, poor PS, and advanced stages were independent prognostic factors. HDAC6 may be a positive 
prognostic biomarker in PG-DLBCL. Additionally, results showed rituximab-containing chemoimmunotherapy to be 
the optimal treatment for PG-DLBCL.
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Introduction

Primary gastric lymphoma (PGL) is defined as a 
malignant tumor originating from the stomach, 
with or without peri-gastric and abdominal 
lymph node involvement [1]. PGL is an uncom-
mon tumor, accounting for less than 5% of pri-
mary gastric neoplasms and 10-15% of all non-
Hodgkin’s lymphomas (NHL). However, primary 
gastric lymphoma is still the most common 
type of extra-nodal lymphoma, representing 
30-40% of all extra-nodal NHL cases [2, 3]. 
Diffuse large B-cell lymphoma (DLBCL) is the 
predominant pathological subtype of PGL, 
accounting for 40-70% of cases [4, 5]. Primary 
gastric DLBCL (PG-DLBCL) is a clinically and 
biologically heterogeneous disease [6]. Clinical 
parameters, such as International Prognostic 
Index (IPI) scores, disease stages, performance 

status (PS), and serum lactate dehydrogenase 
(LDH) levels have been reported to be associ-
ated with prognosis [7-9]. Treatments for 
PG-DLBCL include rituximab plus anthracycline-
based combination chemotherapy, radiothera-
py, surgery, and H. pylori (HP) eradication with 
antibiotic therapy, which is especially used in 
cases of PG-DLBCL with concomitant mucosa-
associated lymphoid tissue (MALT) compo-
nents. In addition, high-dose chemotherapy, 
followed by autologous stem cell transplanta-
tion, may offer therapeutic benefits for patients 
with relapsed or refractory disease. However, 
the roles of surgery and rituximab in the man-
agement of PG-DLBCL remain controversial [3, 
9-11].

Recently, several studies have showed that 
serial biological molecular markers are associ-
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ated with prognosis of PG-DLBCL. For example, 
it has been shown that patients with multiple 
gene amplification and/or copy gains of c-Myc, 
Bcl-2, and Bcl-6, along with double expression 
gastric B-cell lymphomas, have poor clinical 
outcomes [7]. Histone deacetylase 6 (HDAC6), 
a member of the class IIb HDAC superfamily, is 
overexpressed in different types of tumors, 
including lymphomas. It can either trigger 
tumor development or suppress tumor growth 
[12]. Some studies have reported that high 
HDAC6 expression is associated with survival 
in cancer [13-16]. However, the prognostic 
roles of HDAC6 in PG-DLBCL have not been 
reported. 

The current study retrospectively investigated 
clinical characteristics, prognostic factors, val-
ues of different treatments, and prognostic 
roles of HADC6 in PG-DLBCL.

Materials and methods

Patients

The current study retrospectively analyzed 103 
patients diagnosed with PG-DLBCL, between 
May 2008 and March 2016. Each of the cases 
in this study were negative in the serologic 
detection of Human immunodeficiency virus 
(HIV). The current study was approved by the 
Institutional Review Board of the First Affiliat- 
ed Hospital, College of Medicine, Zhejiang 
University. Histopathologic diagnoses were 
made and reviewed by two experienced pathol-
ogists, independently, according to criteria of 
the World Health Organization (WHO) [17]. 
Patients with transformations from indolent 
lymphomas, such as MALT lymphoma, to DLBCL 
were excluded. The GCB or non-GCB subtype 
was determined by Han’s algorithm based on 
CD10, BCL-6, and MUM-1/IRF4 [18]. Disease 
and patient clinical characteristics included 
age, sex, B-symptoms, LDH, β2-microglobulin 
(β2-MG) and serum albumin levels, bone mar-
row involvement, and PS, according to the 
Eastern Cooperative Oncology Group (ECOG) 
scale. Presence of HP infections was confirm- 
ed by histologic examinations. Stages were 
accessed according to the Lugano staging  
system [19], mainly on the basis of physical 
examinations, computed tomography (CT) or 
18F-fluorodeoxyglucose positron emission 
tomography (18FDG-PET) scans, electronic/
ultrasound gastroscopy procedures, and out-

comes of intraoperative exploration for those 
patients that received surgery. Follow-up infor-
mation was updated through February 2017.

Immunohistochemistry

Immunohistochemical staining for HDAC6 was 
performed on 29 well-preserved paraffin-
embedded sections of pretreatment endoscop-
ic biopsies or surgeries. Briefly, the tissues 
were cut into 3-μm slices, then dewaxed and 
rehydrated. The slides were incubated for 1 
hour at room temperature with rabbit monoclo-
nal HDAC6 antibody (1:250 dilution, Abcam; 
ab133493). It was retrieved by boiling in EDTA 
(PH 8.0) for 20 minutes. This was followed by 
incubation with a secondary antigen for 15 min-
utes at room temperature. Finally, immunoreac-
tivity of these slides was developed with diami-
nobenzidine tetrahydrochloride (DAB). The 
nuclei were counterstained with hematoxylin.

Evaluation of immunohistochemistry

Immunohistochemistry (IHC) of HDAC6 was 
evaluated based on the score system compris-
ing the percentage of positive tumor cells and 
intensity levels of immunoreactivity. The per-
centage of positive tumor cells was scored 0 for 
< 5%, 1 for 6-20%, 2 for 21-50%, and 3 for > 
50% of stained tumor cells. Intensity of immu-
noreactivity was scored 0 for no staining, 1 for 
weak staining, 2 for moderate staining, and 3 
for strong staining. Final HDAC6 expression 
scores were obtained by adding these two  
individual scores as follows: Low expression 
(scored 0-2), moderate expression (scored 
3-4), and high expression (scored 5-6) [15].

Statistical analysis

Overall survival (OS) is defined as the time from 
diagnosis to death of any cause or loss to fol-
low-up. Progression free survival (PFS) is 
defined as the time from diagnosis to disease 
progression, relapse, death of any cause, or 
last follow-up. Categorical data were compared 
with Fisher’s exact tests. Kaplan-Meier curves 
were used to calculate survival outcomes. Log-
rank testing was performed to compare differ-
ences between the two groups. Main clinical 
characteristics were analyzed concerning asso-
ciation levels with OS and PFS using Cox’s pro-
portional hazard models. Additionally, variables 
with P values < 0.10 in univariate analysis were 
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included in multivariate analysis, with the back-
ward method in cases of exclusion of some 
potential prognostic factors. Hazard ratios (HR) 
and 95% confidence intervals (CI) of significant 
parameters were also calculated. Two-sided P 
values < 0.05 indicate statistical significance. 
All analyses were performed in SPSS 19.0.

Results

Clinicopathological characteristics

Characteristics of the 103 patients, consisting 
of 49 men and 54 women, are listed in Table 1. 
The median age was 58 years (range 15-85). 
The most common symptom was epigastric 
pain or discomfort, while 19 (18.5%) patients 
complained about hematemesis or melena. 
Main lesions were gastric antrum and body 
under gastroscopy. According to Lugano stag-
ing criteria, stages I/II1/II2/IIE/IV accounted 
for 24.3%, 16.4%, 6.8%, 6.8%, and 47.5%, 
respectively. Regarding pathology, all 103 
patients were diagnosed with DLBCL. Of the 84 
patients with complete immunohistochemical 
results of CD10, BCL-6, and MUM-1, 33 (32.0%) 
were GCB subtype, 51 (49.5%) were non-GCB 
subtype, and the other 19 (18.5%) were indis-
tinguishable, lacking enough specimens for 
immunohistochemical staining.

Treatment modalities

All 103 patients received chemotherapy. Most 
of them received at least 4 cycles of chemo-
therapy except those suffering from bad gener-
al conditions or early deaths. The main  
regimens were CHOP (cyclophosphamide, doxo-
rubicin, vincristine, and prednisolone) ± R (ritux-
imab). Of the 75 patients that received R- 
CHOP chemotherapy, 21 patients additionally 
received at least 2 cycles of rituximab mainte-
nance. Moreover, 16 (15.5%) patients under-
went subtotal or total gastrectomy plus lymph 
node dissections, while 2 patients were treated 
with radiotherapy.

Table 1. Main characteristics of the patients
Characteristics No. of patients (%)
Age, y (median, range) (58, 15-85)
    > 60 41 (39.8)
    ≤ 60 62 (60.2)
Gender
    Male 49 (47.6)
    Female 54 (52.4)
B symptoms 
    Present 19 (18.4)
    Absent 84 (81.6)
LDH
    Elevated 30 (29.1)
    Normal 73 (70.9)
β2-MG
    Elevated 26 (25.2)
    Normal 62 (60.2)
    NA   15 (14.6)
Albumin
    Decreased 20 (48.5)
    Normal 83 (51.5)
HP
    Positive 23 (22.3)
    Negative 25 (24.3)
    NA 55 (53.4)
BM involvement
    Yes 6 (5.8)
    No 79 (76.7)
    NA 18 (17.5)
Subtypes
    GCB 33 (32.0)
    non-GCB 51 (49.5)
    NA 19 (18.5)
ECOG score
    0-1 68 (66.0)
    ≥ 2 35 (34.0)
Lugano staging
    I 25 (24.3)
    II1 15 (14.6)
    II2 7 (6.8)
    IIE 7 (6.8)
    IV 49 (47.5)
IPI score
    0-2 70 (68.0)
    ≥ 3 33 (32.0)
Treatment
    Surgery plus chemotherapy 16 (15.5)
    Chemotherapy 87 (84.5)
Chemotherapy regimens

    With rituximab 75 (72.8)
    Without rituximab 28 (27.2)
Abbreviations: BM, bone marrow; β2-MG, beta 2 micro-
globulin; ECOG, Eastern Cooperative Oncology Group; 
GCB, germinal center B-cell like; HP, helicobactor pylori; 
IPI, International Prognostic Index; LDH, serum lactate 
dehydrogenase; NA, not available.
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Table 2. Prognostic factors of univariate and multivariate analyses in patients

Variables
OS PFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI)

Gender Male 0.237 0.092 1.86 (0.90-3.84) 0.456
Female

Age > 60 y 0.139 0.221
≤ 60 y

B symptoms Present 0.026 3.16 (1.14-8.71) 0.848 0.002 3.22 (1.54-6.76) 0.405
Absent

LDH level Elevated 0.022 3.16 (1.18-8.46) 0.258 0.001 3.57 (1.73-7.38) 0.006 2.84 (1.36-5.94)
Normal

β2-MG level Elevated 0.215 0.117
Normal

Albumin Normal 0.007 0.25 (0.09-0.69) 0.121 0.010 0.37 (0.17-0.79) 0.058 0.47 (0.22-1.03)
Declined

ECOG 0-1 0.001 7.24 (2.32-22.53) 0.002 6.27 (2.00-19.66) 0.001 3.22 (1.58-6.58) 0.006 2.73 (1.33-5.61)
≥ 2

Subtypes GCB 0.816 0.774
non-GCB

Hp infection Positive 0.837 0.192
Negative

BM involvement Yes 0.862 0.229
No

Lugano staging I-II1
II2-IIE 0.025 0.005 0.045 0.173
IV

IPI score 0-2 < 0.001 19.22 (4.36-84.84) -* -* <0.001 5.13 (2.45-10.72) -* -*
≥ 3

Treatment S+C 0.260 0.080 0.27 (0.61-1.17) 0.342
C

Chemotherapy regimens With R
Without R 0.746 0.235

Abbreviations: BM, bone marrow; β2-MG, beta-2 microglobulin; C, chemotherapy; HR, hazard ratio; HP, helicobactor pylori; IPI, International Prognostic Index; LDH, serum lactate 
dehydrogenase; R, rituximab; S+C, surgery plus chemotherapy. *Given that IPI score covers LDH levels, ECOG, and Lugano staging, it was not included in multivariate analysis.
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Figure 1. Kaplan-Meier curves according to potential prognostic factors. A, B. OS and PFS of patients according to 
stage; C, D. OS of patients according to treatments. *C = chemotherapy, S = surgery.

Survival and prognostic analyses

Up through February 2017, 17 (16.5%) of 103 
PGL patients died. The median follow-up was 
41 months (range 12-106) and the follow-up 
rate was 89.3%. The 1-year OS and PFS rates 
were 90.9% and 78.4%. The 5-year OS and PFS 
rates were 83.4% and 68.4%.

Table 2 summarizes univariate and multivariate 
analysis of various factors of OS and PFS. 
According to univariate analysis of potential 
prognostic factors, B-symptoms, elevated LDH, 
decreased albumin, poor PS (ECOG ≥ 2), high 
IPI scores (≥ 3), and advanced stages were 
associated with poor OS and PFS. In contrast, 
gender, age, β2-MG levels, Hp infections, and 
treatment were not associated with survival. 
According to multivariate analysis, ECOG ≥ 2 
(HR = 6.27, 95% CI 2.00-19.66, P = 0.002) and 

advanced stages (P = 0.005) were independent 
prognostic predictors of OS. Moreover, stratifi-
cation analysis of Lugano staging attributed 
survival differences to stage I-II1 and stage IV 
(HR = 11.08, 95% CI 1.45-84.40, P = 0.020; 
Figure 1A, 1B). However, different survival 
durations between stage I-II1 and stage II2-IIE 
or stage II2-IIE and stage IV were insignificant. 
Regarding PFS, elevated LDH (HR = 2.84, 95% 
CI 1.36-5.94, P = 0.006) and ECOG ≥ 2 (HR = 
2.73, 95% CI 1.33-5.61, P = 0.006) were shown 
to be independent prognostic factors. According 
to Kaplan-Meier curves, patients receiving sur-
gery plus chemotherapy (S+CT) presented a 
trend of better OS and PFS, compared with 
those treated by chemotherapy alone (CT), 
without statistical significance (OS, P = 0.232; 
PFS, P = 0.062; Figure 1C, 1D). The survival of 
patients with distinct chemotherapy regimens 
(rituximab-containing or not) (OS, P = 0.744; 



Prognostic analysis of primary gastric diffuse large B-cell lymphoma

11285 Int J Clin Exp Med 2019;12(9):11280-11292

Figure 2. Kaplan-Meier curves in stratified clinicopathological groups according to chemotherapy regimens; A, B. OS and PFS of patients for ECOG ≥ 2 according to 
chemotherapy regimens; C, D. OS and PFS of patients for age > 60 according to chemotherapy regimens; E, F. OS and PFS of patients for GCB subtype according to 
chemotherapy regimens; G, H. OS and PFS of patients for stage I-II1 according to chemotherapy regimens. *R, rituximab; GCB, germinal center B-cell.
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Figure 3. Kaplan-Meier curves according to chemotherapy regimens and R-IPI. A, B. OS and PFS of patients accord-
ing to rituximab maintenance (OS, P = 0.027; PFS, P = 0.014); C, D. OS and PFS of patients according to R-IPI (OS, 
P < 0.001; PFS, P < 0.001). *RM, rituximab maintenance; R-IPI, revised IPI score.

PFS, P = 0.228) and pathological subtypes 
(GCB or non-GCB) (OS, P = 0.815; PFS, P = 
0.367) showed no statistically significant differ-
ences. However, when stratified with ECOG 
scores, patients receiving rituximab-containing 
chemotherapy showed better OS and PFS than 
the no rituximab group in ECOG ≥ 2 (OS, P = 
0.028; PFS, P < 0.001; Figure 2A, 2B). 
Additional rituximab did not prolong the surviv-
al of patients of ECOG < 2 (OS, P = 0.195; PFS, 
P = 0.886). For elderly patients (age > 60 
years), rituximab-containing chemotherapy pro-
vided better PFS but similar OS (OS, P = 0.556; 
PFS, P = 0.029; Figure 2C, 2D). Additional ritux-
imab showed no benefits in OS and PFS of 
patients ≤ 60 years (OS, P = 0.873; PFS, P = 
0.810). Furthermore, patients receiving addi-
tional rituximab seemed to achieve better OS 
and PFS in GCB group and stage I-II1 group, 

despite insignificant statistical differences 
(GCB group, OS, P = 0.212; PFS, P = 0.159; 
Figure 2E, 2F; stage I-II1 group, OS, P = 0.105; 
PFS, P = 0.073; Figure 2G, 2H). For patients in 
the non-GCB group, stage II2-IIE, and stage IV, 
OS and PFS did not differ among different che-
motherapy regimens (non-GCB group, OS, P = 
0.860; PFS, P = 0.149; stage II2-IIE group, OS, 
P = 0.398; PFS, P = 0.758; stage IV group, OS, 
P = 0.724; PFS = 0.430). Moreover, rituximab 
maintenance after 6 cycles of R-CHOP chemo-
therapy showed better OS and PFS (OS, P = 
0.027; PFS, P = 0.014; Figure 3A, 3B). In addi-
tion, revised IPI (R-IPI) scores showed better 
prediction of survival. Patients scoring zero had 
the best outcomes. Patients scoring 1 or 2 had 
moderate outcomes. Patients scoring 3, 4, or 5 
had the poorest outcomes, with a 5-year OS 
ranging from 55%-100% (P < 0.001) and a 
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Figure 4. IHC staining of HDAC6 protein expression in PG-DLBCL tissues (Original magnification 400×). A. H&E stain-
ing of tumor cells; B. High expression of HDAC6 in tumor cells; C. Moderate expression of HDAC6 in tumor cells; D. 
Low expression of HDAC6 in tumor cells.

5-year PFS ranging from 40%-93% (P < 0.001; 
Figure 3C, 3D).

Expression of HDAC6 protein in patients

HDAC6 was mainly expressed in the cytoplasm 
of tumor cells. Eighteen (62.1%) cases were 
found with high HDAC6 expression. Cases of 
low and moderate HDAC6 expression were 5 
(17.2%) and 6 (20.7%), respectively (Figure 4).

Association of HDAC6 expression with clinico-
pathological characteristics and survival

High HDAC6 expression was associated with 
limited stage (P = .008), while differences of 
HDAC6 expression between gender, age, LDH 
levels, B-symptoms, Hp infections, PS, IPI 
scores, and treatment regimens were not sig-
nificant (Table 3). Survival analysis showed that 
high HDAC6 expression was associated with 
better OS (P = 0.034; Figure 5A), but similar 

PFS scores (P = 0.106; Figure 5B), compared 
with low-moderate HDAC6 expression.

Discussion

In the current study, common symptoms and 
the median age of PG-DLBCL were correspond-
ed to reported studies [9, 20]. The male/female 
ratio was nearly 1:1, which was different from 
the results of male predominance previously 
reported. Although, the proportion of patients 
in stage IV (47.5%) was higher than that in other 
reported studies [21, 22]. The 5-year OS rate 
reached up to 83.4%. This was in accord with 
previous results [6, 23], indicating that the 
prognosis of PG-DLBCL was favorable.

Based on the access of reported studies, age, 
LDH, β2-MG, anemia, hypoalbuminemia, B-sy- 
mptoms, histological subtype, tumor size, bone 
marrow involvement, stage, PS, and IPI scores 
were associated with survival of primary gastric 
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lymphoma [24-29]. Current results were simi-
lar, indicating that B-symptoms, elevated LDH, 
decreased albumin, poor PS (ECOG ≥ 2), high 
IPI scores (≥ 3), and advanced stages (IV) were 
associated with poor OS and PFS. Furthermore, 
PS, LDH levels, and stages were considered as 
independent prognostic factors. There remains 
no doubt that patients with the GCB subtype 
had favorable prognosis, compared with non-
GCB subtype patients in nodal DLBCL. However, 
the current study showed no survival differenc-
es between GCB and non-GCB subtypes, in 
accord with Chihara’s results. However, results 
were inconsistent with Zhang’s study, in which 
the GCB subtype of PG-DLBCL showed better 
survival [30, 31]. Notably, IPI scores are an 

Table 3. Association of histone deacetylase 6 expression 
with clinicopathological characteristics

Characteristics Low-moderate expression 
(n = 11)

High expression 
(n = 18) P

Gender
    Male 5 (45.5%) 8 (44.4%) 1.000
    Female 6 (54.5%) 10 (55.6%)
Age, y
    ≤ 60 7 (63.6%) 11 (61.1%) 1.000
    > 60 4 (36.4%) 7 (38.9%)
LDH
    Elevated 5 (45.5%) 4 (22.2%) 0.237
    Normal 6 (54.5%) 14 (77.8%)
B symptoms
    Present 5 (45.5%) 2 (11.1%) 0.071
    Absent 6 (54.5%) 16 (88.9%)
HP
    Positive 3 (27.3%) 11 (61.1%) 0.128
    Negative 8 72.7%) 7 (38.9%)
ECOG
    < 2 5 (45.5%) 11 (61.1%) 0.466
    ≥ 2  6 (54.5%) 7 (38.9%)
Stage
    I-IIE 1 (9.1%) 11 (61.1%) 0.008
    IV 10 (90.9%) 7 (38.9%)
IPI score
    0-2 4 (36.4%) 13 (72.2%) 0.119
    3-5 7 (63.6%) 5 (27.8%)
Treatment
    RCHOP 6 (54.5%) 10 (55.6%) 1.000
    CHOP 5 (45.5%) 8 (44.4%)
Abbreviations: ECOG, Eastern Cooperative Oncology Group; HP, helicobac-
tor pylori; IPI, International Prognostic Index; LDH, serum lactate dehydro-
genase.

effective predictive index widely 
used for prognostic evaluation of 
patients with non-Hodgkin’s lympho-
ma. Laurie et al. reported that IPI 
scores identified only 2 risk groups. 
They proposed R-IPI to identify 3 dis-
tinct risk groups in DLBCL [32]. 
Likewise, the current study verified 
that R-IPI provided more effective 
prediction of outcomes, with 5-year 
OS ranging from 55%-100% in three 
risk groups in PG-DLBCL.

HDAC6 is crucial for maintaining ce- 
ll dynamic stabilization, promoting 
proteasomal degradation, and regu-
lating endocytosis, exocytosis, apop-
tosis, and transcription. Consequ- 
ently, HDAC6 expression has been 
associated with cancer survival and 
serves as an oncogene or tumor sup-
pressor. Recently, He et al. reported 
that patients with HDAC6 expression 
had a longer survival in gastric can-
cer [13]. Giaginis reported that 41 
(63.1%) of 70 pancreatic adenocar-
cinoma cases detected HDAC6 ex- 
pression, containing 31 high expres-
sion, revealing better survival, com-
pared with low HDAC6 expression 
[14]. A study of 91 DLBCL cases 
observed 81% high HDAC6 expres-
sion in the cytoplasm of lymphoma 
cells. However, there were no prog-
nostic differences between high and 
low expression [15]. Another study 
of 31 DLBCL cases found that 
patients with high HDAC6 expres-

sion had a significant favorable survival [16]. In 
the current study, the high HDAC6 expression 
rate of 62.1% was similar with previous studies. 
Results suggest that high HDAC6 expression is 
associated with limited stage and better OS, 
demonstrating that HDAC6 may inhibit tumor 
growth in PG-DLBCL. Thus, it can be consid-
ered as a novel prognostic biomarker.

Over the last 10-15 years, certain studies have 
weakened the roles of gastrectomy procedures 
and extended the function of chemoimmuno-
therapy in gastric lymphomas [33, 34]. Agustin’s 
large controlled clinical trial of 589 PG-DLBCL 
patients showed a 10-year OS of 54% in the 
surgery group. This was lower than CT and S+CT 
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Figure 5. Kaplan-Meier curves according to HDAC6 expression. A. OS of patients for HDAC6 expression; B. PFS of 
patients for HDAC6 expression. *low-mode, low-moderate HDAC6 expression.

groups, with a 10-year OS of 96% and 91%. 
Differences between CT and S+CT were insig-
nificant. Therefore, they suggested chemother-
apy as the main treatment of PG-DLBCL, since 
it avoids severe complications and conserves 
the physiological structure and function of 
stomach [35]. Similarly, survival of the chemo-
therapy group was not worse than the surgery 
group followed by chemotherapy in other stud-
ies from France and Korea [36, 37]. A retro-
spective multicenter clinical study in China 
reported that the surgery group showed worse 
OS and PFS than group CT and S+CT groups in 
PG-DLBCL of early stage (I/IIE). Moreover, they 
performed a meta-analysis, confirming a lower 
mortality in the S+CT or CT group than the sur-
gery group in primary gastrointestinal lympho-
ma of Chinese patients [22]. These results sug-
gest that surgery gave no additional advantages 
to survival and chemotherapy remained the 
optimal treatment for gastric DLBCL. Based on 
current results, the OS and PFS between CT 
and S+CT were similar, with 5-year survival 
rates of 81.5% and 92.9%, respectively. Thus, 
results suggest stomach-preserving chemo-
therapy as a reasonable therapeutic option for 
patients of PG-DLBCL. After all, patients 
obtained remarkably better quality of life levels 
after conservative nonsurgical treatment, com-
pared with gastrectomy procedures, with a 
reduced risk of severe malabsorption syn-
drome, dumping syndrome, anemia, and infec-
tions. Moreover, the toxicities of chemotherapy, 
such as neutropenia and nausea, could be well 
controlled and solved.

In the rituximab era, R-CHOP has demonstrated 
a survival benefit in nodal DLBCL. However, its 
superiority in PG-DLBCL remains contradictory. 
One series of 75 patients of PG-DLBCL showed 
a shorter OS duration in chemotherapy without 
rituximab [30]. Another study observed that 
rituximab-containing chemotherapy improved 
CR rates, OS, and PFS, without any additional 
toxicities [21]. However, the addition of ritux-
imab to CHOP chemotherapy did not improve 
OS and PFS rates in patients of both localized 
and advanced stages in Kucukoner’s study 
[38]. According to present data, additional 
rituximab with chemotherapy showed no sur-
vival advantages. This may have result- 
ed from the non-standard chemotherapy regi-
mens, patient tolerance to treatments, and 
other biases. Excluding these possibilities, the 
current study demonstrated that the addition of 
rituximab achieved better OS and PFS in 
patients of ECOG ≥ 2, as well as prolonging PFS 
in elderly patients (age > 60). Additional ritux-
imab in GCB and stage I-II1 groups showed a 
trend of longer OS and PFS. Additionally, it was 
found that rituximab maintenance showed  
better OS and PFS. Therefore, results suggest 
that rituximab-containing chemoimmunothera-
py may bring advantages to survival, especially 
for patients < 60, GCB subtype, ECOG ≥ 2, and 
limited stage (I-II1). Thus, rituximab mainte-
nance therapy may be beneficial for PG-DLBCL 
patients.

In conclusion, present results showed that ele-
vated LDH, poor PS, and advanced stages were 
associated with worse prognosis. R-IPI provid-
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ed a more effective prediction of survival. 
Furthermore, HDAC6 may be an important 
prognostic biomarker associated with favor-
able outcomes in PG-DLBCL. It is believed that 
PG-DLBCL is a highly chemo-sensitive and 
potentially curable disease, with rituximab-con-
taining chemoimmunotherapy as the optimal 
therapeutic strategy. Moreover, rituximab main-
tenance following chemoimmunotherapy may 
also improve survival. The current study was a 
retrospective study with a small sample size 
from a single hospital. Therefore, results should 
be further confirmed by large sample sizes of 
future prospective studies, aiming to develop a 
more comprehensive understanding of this 
disease.
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