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ABSTRACT Objective: Although the prognostic value of programmed cell death-ligand 1 (PD-L1) expression in non-Hodgkin lymphoma

(NHL) has  been evaluated in many studies,  the results  remain controversial.  To investigate  the prognostic  role  of  PD-L1

expression and the association between PD-L1 expression and clinicopathological features of NHL, we performed a meta-analysis.

Methods: The PubMed, EMBASE, and Cochrane Library databases were searched up to November 30, 2017. The hazard ratio

(HR), 95% confidence interval (CI), and odds ratios (OR) with 95% CIs were combined to evaluate the association of PD-L1

expression with overall survival (OS) and clinicopathological features. Review manager 5.3 and STATA 12.0 were used in this

meta-analysis.

Results: A total of 2,005 patients across nine studies were enrolled in our meta-analysis, and the pooled results showed that high

PD-L1 expression was associated with a poor prognosis (HR=2.04, 95% CI: 1.18–3.54, P=0.01). In the subgroup analysis according

to histology types, pooled results demonstrated that an increased PD-L1 expression was an unfavorable prognostic factor for

diffuse large B-cell lymphoma (HR=1.92, 95% CI: 1.06–3.48, P=0.03) but not for natural killer/T-cell lymphoma (HR=2.41, 95%

CI: 0.47–12.22, P=0.29). Pooled ORs indicated that PD-L1 expression was higher in NHL with international prognostic indices of

≥3. However, PD-L1 expression had no correlation with gender, age, disease stage, lactate dehydrogenase level, B symptoms, and

germinal center B-cell-like lymphoma.

Conclusions: High PD-L1 expression was a poor prognostic biomarker in patients with NHL. Because of our limited sample size,

high-quality studies with larger sample sizes are needed to validate our results.
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Introduction

The  incidence  of  non-Hodgkin  lymphoma  (NHL)  has  been

steadily increasing over the past few decades. Approximately

85%–90% of NHLs are of B-cell  origin, while the remaining

NHLs originate from T cells and natural killer (NK) cells1. At

present, the Ann Arbor staging system and the International

Prognostic  Index  (IPI)  are  predominantly  used  to  predict

NHL  prognosis2.  However,  prognosis  varies  among  patients

with  similar  pathological  types  of  NHL  and  who  have

received  the  same  treatments.  Therefore,  it  is  necessary  to

identify  personalized  biomarkers  that  are  able  to  not  only

accurately  predict  prognosis  but  also  serve  as  therapeutic

targets to improve the survival of patients.

The B7-CD28 family of costimulatory molecules plays key

roles  in T-cell  activation and tolerance.  Programmed cell

death-ligand  1  [PD-L1;  also  known  as  cluster  of

differentiation  274  (CD274)]  and  PD-L2  (also  known as

CD273)  are  important  B7  family  members.  Studies  have

found that PD-L1 and PD-L2 interact with the programmed

cell death protein 1 (PD-1) receptor, thereby transmitting

negative regulatory signals to induce apoptosis and immune

incompetence of tumor antigen-specific T cells and promote

tumor immune evasion3.  In addition, PD-L1 cell-intrinsic

signaling  protects  cancer  cells  from  interferon  (IFN)

cytotoxicity and accelerates tumor progression4.

Clinical trials show that anti-PD-1 antibodies relieve the

inhibitory effect of tumors on T cells by blocking PD-1/PD-

L1 complex formation, thereby activating the tumor-killing
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effect of immune effector cells in patients with tumors5. Our

previous study showed that PD-L1 overexpression correlated

with poor prognosis in breast cancer6, gastric cancer7, and

lung  cancer8.  However,  the  relationship  between  PD-L1

expression and NHL is controversial. Studies have also found

that patients with PD-L1 expression may benefit from anti-

PD-1/PD-L1  t rea tment 9 .  There fore ,  a  comple te

understanding of the relationship among PD-L1 expression,

NHL prognosis,  and identification of patient populations

with high PD-L1 expression levels is of great significance for

predicting  the  prognosis  of  NHL  and  screening  for

individuals who can potentially benefit from inhibition of the

PD-L1/PD-L1 pathway.

To address the above described question, we conducted a

meta-analysis  to  assess  the  relationship  between  PD-L1

expression and prognosis and determine the relationships

between PD-L1 expression and clinicopathological features.

Materials and methods

Search strategy

We  conducted  an  electronic  search  for  published  articles  in

the PubMed, Embase, and Cochrane databases from January

1999  to  November  2017.  The  key  terms  included  the

following  keywords:  (PD-L1  OR  B7-H1  OR  CD274  OR

programmed cell death 1 ligand 1 protein) AND (lymphoma

OR  Non-Hodgkin  Lymphoma  OR  Lymphoma,  Non-

Hodgkins).  To  explore  other  potentially  eligible  studies,  we

also reviewed references of the eligible articles.

Literature selection criteria

Inclusion criteria
The studies that met the following criteria were included: (1)

NHL was histologically diagnosed, (2) PD-L1 expression was

measured in NHL tissue by immunohistochemistry staining,

(3) the correlation of PD-L1 expression with overall survival

(OS)  and  clinicopathological  features  was  investigated,  (4)

studies  were  published  in  English.  When  different  studies

included  the  same  patient  population,  only  the  most  recent

article  or  the  most  complete  article  was  included  in  the

present meta-analysis.

Data extraction
Two investigators  independently  extracted the relevant data,

and  a  third  investigator  resolved  any  controversies.  The

following data  were  extracted:  first  author,  publication year,

patient  source,  tumor  type,  patient  sample  size,  stage,

evaluation method, PD-L1-positive expression rate, outcome,

clinicopathological  parameters  and  hazard  ratio  (HR)  and

95% confidence  interval  (CI)  values  for  OS.  If  the  HRs  and

its 95% CI were not reported in eligible studies, we extracted

the  HR  from  Kaplan-Meier  curves,  using  the  Engauge-

Digitizer  4.1  software.  Two  investigators  independently

conducted  quality  assessments  of  all  studies  using  the

Newcastle–Ottawa  scale  (NOS),  and  any  discrepancies  were

resolved  by  discussion.  The  maximum  NOS  score  is  nine

points, and studies that received a score of six or higher were

considered high-quality studies.

Statistical analysis

Â2

The  HR  and  95%  CI  values  were  used  to  assess  the

relationship  between  PD-L1  expression  and  survival,  while

odds  ratio  (OR) and 95% CI values  were  used to  determine

the  relationships  between  PD-L1  expression  and  clinical

parameters.  The  heterogeneity  of  the  studies  was  evaluated

using  test and I2 analysis. A P value of < 0.1 or an I2 value

of  >  50%  indicated  the  presence  of  heterogeneity  between

studies.  The  random-effects  model  was  employed  when

heterogeneity was present. If there was no heterogeneity, the

fixed-effect  model  was  applied.  Subgroup  analysis  was

employed  to  identify  the  sources  of  heterogeneity.

Publication  bias  was  assessed  using  the  Egger’s  and  Begg’s

tests.  Review  Manager  5.3  (Revman,  the  Cochrane

Collaboration;  Oxford,  England)  and  STATA  version  12.0

(Stata  Corporation;  College  Station,  TX,  USA)  were  used  in

the  present  study. P values  of  <  0.05  indicated  statistically

significant differences.

Results

Search results and study characteristics

In the present study, a total of 973 records were identified by

the  primary  search  strategy.  After  screening  study  titles  and

abstracts,  944  records  were  excluded  because  they  were

duplicate  studies  or  not  related  to  NHL.  Twenty-nine

potentially  eligible  studies  were further reviewed in full  text.

Finally,  nine  studies  meeting  the  inclusion  criteria  were

included in the present study. The study inclusion flowchart

is shown in Figure 1.

The details  of the eligible studies are shown in  Table 1.

Nine studies including 2, 005 patients were measured in our

meta-analysis.  The number  of  patients  with  NHL ranged

from  73  to  1,  253  in  each  study.  Three  studies  were

conducted in China, two in Japan, two in Korea, one in the
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USA,  and  one  in  Germany.  According  to  NHL subtypes,

diffuse large B-cell lymphoma (DLBCL) was evaluated in five

studies, NK/T-cell lymphoma (NKTCL) in three, and adult

T-cell  leukemia/lymphoma (ATLL) in one.  Eligible  study

quality,  as  assessed  by  NOS,  ranged  from  six  to  eight.

Therefore, the studies were considered to be of a relatively

high quality.

Prognostic factors for overall survival

We investigated the prognostic value of PD-L1 expression in

NHL.  All  of  the  nine  studies  evaluated  the  association

between  PD-L1  expression  and  OS.  The  pooled  HR  for  OS

showed  that  PD-L1  positive  expression  was  associated  with

poorer prognosis,  compared to PD-L1 negative NHL (HR =

2.04,  95%  CI:  1.18–3.54, P =  0.01)  (Figure  2).  A  random-

effects  model  was  used  because  statistically  significant

heterogeneity  was  found among the  studies  (P <  0.001, I2 =

71%).  We  conducted  a  subgroup  analysis  according  to

histology  types,  which  suggested  that  PD-L1  positive

expression  is  an  indicator  of  a  poor  prognosis  for  patients

with  DLBCL  (HR  =  1.92,  95%  CI:  1.06–3.48, P =  0.03)

(Figure  3)  but  not  for  those  with NKTCL (HR = 2.41,  95%

CI: 0.47–12.22, P = 0.29) (Figure 4).

Correlation of PD-L1 expression with
clinicopathological characteristics

Gender

We evaluated the correlation between PD-L1 expression and

gender  across  a  panel  of  395  patients  from  four  studies.  Of

the  217  male  patients,  62  (28.6%)  were  PD-L1  expression

positive, and 36 (20.2%) of the 178 female patients were PD-

L1  expression  positive.  Since  the  studies  were  not

significantly  heterogeneous  (P=0.95, I2=0%),  we  used  the

fixed-effect  model  for  the  pooled  analysis.  The  pooled  OR

indicated  no  significant  correlation  between  PD-L1

expression and sex (OR = 1.55; 95% CI: 0.92–2.60, P = 0.10)

(Figure 5A).

Age

The association of  PD-L1 expression with age was evaluated

in four studies, across a total of 359 patients. Of the 184 older

patients  (>  60  years),  33  (17.9%)  were  PD-L1  positive,  and

55 (31.4%) of the 175 younger patients (≤ 60 years) were PD-

L1  positive.  Since  the  studies  were  not  significantly

heterogeneous  (P =  0.74, I2 =  0%),  we  used  the  fixed-effect

model for the pooled analysis. The results showed that PD-L1

Records  screened after duplicates removed (n = 831)

Exclusion by title (n = 721)
Exclusion by abstract (n = 81)
Main reasons: irreverent, non-English
In vivo/in vitro study, case reports
Review, meta-analysis and comments

Full text reviewed in detail (n = 29)

Lacking of enough data for analysis (n = 20)

Final eligible studies (n = 9)

Additional records identified
through other resources (n = 1)

Record identified through
database searching (n = 972)

 
Figure 1   Flow chart of study selection.

292 Zhao et al. PD-L1 expression in non-Hodgkin lymphoma: a meta-analysis



expression had no clear correlation with age (OR = 0.59; 95%

CI = 0.34–1.03, P = 0.06) (Figure 5B).

Ann Arbor stage

Four studies,  including a total  of  444 patients,  evaluated the

relationship between PD-L1 expression and Ann Arbor stage.

Of the 212 patients  with stage III-IV NHL, 91 (42.9%) were

PD-L1  expression  positive.  Ninety-seven  patients  (41.8%)

were PD-L1 expression positive among the 232 patients with

stage  I-II  NHL.  Since  the  studies  were  not  significantly

heterogeneous  (P =  0.65, I2 =  0%),  we  used  the  fixed-effect

model for the pooled analysis. The pooled OR indicated that

no  significant  association  was  found  between  PD-L1

expression  and  Ann  Arbor  stage  (OR  =  1.19;  95%  CI:

0.76–1.87, P = 0.44) (Figure 5C).

IPI score

Five studies, including 640 patients, analyzed the correlation

of PD-L1 expression with IPI score. Of 267 patients with IPI

scores ≥3, 75 (28.1%) were PD-L1 positive, and 108 (29%) of

Table 1   Characteristics of the studies included in the meta-analysis

Author Year Country Tumor
type

No. of
patients Stage Detection

methods
Cutoff-
value

PD-L1
positive Outcome HR

estimation
Prognostic
value

Quality
score

Kiyasu
et al.15 2015 Japan DLBCL 1,253 I–IV IHC 30% 37%

(461/1253) OS HR Poor 6

Bi
et al.16 2016 China NKTCL 77 I–II IHC 38% 33.8%

(26/77) OS HR Poor 8

Dong
et al.17 2016 China DLBCL 100 I–IV IHC 5% 54%

(54/100) OS HR Poor 8

Kim
et al.20 2016 Korea NKTCL 73 I–IV IHC 10% 61.6%

(45/73) OS HR Good 7

Kwon
et al.21 2016 Korea DLBCL 126 I–IV IHC 10% 61.1%

(77/126) OS HR NR 6

Miyoshi
et al.22 2016 Japan ATLL 135 I–IV IHC 50% 7%

(10/135) OS HR Good 6

Xing
et al.18 2016 USA DLBCL 86 I–IV IHC 30% 16%

(14/86) OS HR Poor 6

Fang
et al.19 2017 China DLBCL 76 I–IV IHC 10% 26.3%%

(20/76) OS HR Poor 6

Jo
et al.23 2017 Germany ENKTL 79 I–III IHC 5% 79.7%

(63/79) OS K-M NR 7

DLBCL: diffuse large B-cell lymphoma, NKTCL: natural killer/T-cell lymphoma, ATLL: adult T-cell leukemia/lymphoma, ENKTL: extranodal
NK/T-cell lymphoma, IHC: immunohistochemistry, OS: overall survival, HR: hazard ratio, K-M: Kaplan–Meier curve, NR: not relevant.

 
Figure 2   Forest plot describing the association between PD-L1 expression and OS of patients with NHL.
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the  373  patients  with  IPI  scores  of  <3  were  PD-L1  positive.

Since  the  studies  were  not  significantly  heterogeneous  (P =

0.27, I2 = 22%), we used the fixed-effect model for the pooled

analysis.  PD-L1  positive  expression  was  found  to  be

significantly  associated  with  IPI  score  (OR  =  1.59,  95%  CI:

1.03–2.45, P = 0.04) (Figure 5D).

Serum LDH

The  relationship  between  PD-L1  expression  and  LDH  level

was  analyzed  in  five  studies,  which  included  360  patients.

Sixty-two (31%) patients were PD-L1 expression positive out

of the 200 patients with elevated LDH, and 68 (42.5%) of the

160 patients with normal LDH levels were PD-L1 expression

positive.  Since  the  studies  were  not  significantly

heterogeneous (P = 0.11, I2 = 48%), we used the fixed-effect

model  for  the  pooled  analysis.  Increased  PD-L1  expression

was  not  found  to  be  significantly  associated  with  LDH  level

(OR = 0.68, 95% CI: 0.40–1.16, P = 0.16) (Figure 5E).

B symptoms

Four  studies  with  a  total  of  328  patients  analyzed  the

relationship  between  PD-L1  expression  and  B  symptoms.

Positive PD-L1 expression was found in 34 (36.6%) out of 93

patients  with  positive  B  symptoms,  while  46  (19.6%) out  of

235  patients  with  negative  B  symptoms  were  PD-L1

expression  positive.  Since  the  studies  were  significantly

heterogeneous  (P=0.02, I2=70%),  we  used  a  random-effect

model for the pooled analysis. No significant relationship was

detected  between  PD-L1  expression  and  B  symptoms

(OR=1.84, 95% CI: 0.57–5.93, P=0.31) (Figure 5F).

Choi classification

Two  studies  containing  1,  353  patients  evaluated  the

correlation of  PD-L1 expression with  Choi  classification.  Of

the 501 patients with germinal center B-cell-like (GCB) NHL,

38 (7.6%) were PD-L1 expression positive,  and 148 (17.4%)

of  852  patients  with  non-GCB  NHL  were  PD-L1  positive.

Since  the  studies  were  not  significantly  heterogeneous  (P =

0.65, I2 = 0%), we used the fixed-effect model for the pooled

analysis.  The  combined  OR  for  the  GCB  group  versus  the

non-GCB  group  was  0.33  (95%  CI:  0.22–0.49, P<0.001)

(Figure 5G).

Publication bias and sensitivity analysis.

Begg’s  and  Egger’s  tests  were  conducted  to  evaluate  the

publication  bias  in  the  literature.  No  evident  asymmetry

among these studies was present. The P values for these tests

were  0.175 and 0.580,  respectively  (Figure  6).  In addition,  a

sensitivity analysis  was conducted to evaluate the stability of

the  present  study,  by  sequentially  removing  one  study.  The

results  were  not  influenced  by  any  individual  study,

suggesting that the results of this study are credible.

 
Figure 3   Forest plot describing the association between PD-L1 expression and OS of patients with DLBCL.

 
Figure 4   Forest plot describing the association between PD-L1 expression and OS of patients with NKTCL.
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Figure 5   Forest plots for the association between PD-L1 expression and clinicopathological features. (A) Gender. (B) Age. (C) Ann Arbor

Stage. (D) IPI score. (E) Serum LDH. (F) B symptom. (G) Choi classification.
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Discussion

PD-L1  is  expressed  in  a  variety  of  human  tumors  such  as

non-small  cell  lung cancer10,  breast  cancer11,  colon cancer12,

gastric cancer13, and hepatocellular carcinoma14. The clinical

significance  of  PD-L1/PD-1 expression in  NHL has  received

increasing attention. At present, the relationship between the

expression of PD-L1 and the prognosis of patients with NHL

remains  controversial.  Some  studies  have  proposed  that

positive PD-L1 expression correlates with a poor prognosis15-19,

while  other  studies  have  shown  that  positive  PD-L1

expression  does  not  correlate  with  prognosis  or  correlates

with a good prognosis20-23.

In the present study, a meta-analysis was applied for the

first time to systematically analyze the relationship between

PD-L1 expression and the prognosis of patients with NHL.

The results showed that PD-L1 expression correlated with

poor prognosis in patients with NHL. Different subtypes of

NHL display distinct clinical characteristics and biological

behaviors.  To  reduce  heterogeneity  between  studies,

grouping  was  performed  based  on  NHL  pathological

subtypes.  The  subgroup  analysis  showed  that  PD-L1

expression  correlated  with  poor  prognosis  in  DLBCL.

However,  no  correlation  was  detected  between  PD-L1

expression  and  the  prognosis  of  patients  with  NK/T-cell

lymphoma.

The results of the present study are consistent with those

of  Kiyasu  et  al15.  The  study  conducted  by  Kiyasu  et  al.

included a total of 1,253 patients with DLBCL, among whom

461 (37%) had positive PD-L1 expression. Compared to the

patients with negative without PD-L1 expression, patients

with positive PD-L1 expression showed poorer prognosis.

The study conducted by Dong et al.17 included 100 patients

with DLBCL, among whom 48 (48%) had positive PD-L1

expression.  This  study  also  showed  that  positive  PD-L1

expression correlated with poor prognosis in patients with

DLBCL. In addition, this study found that PD-L1 predicted

the prognosis of DLBCL more effectively when combined

with p-AKT. However, the study conducted by Kwon et al.

showed that there was no correlation between positive PD-L1

expression and prognosis,  while positive PD-1 expression

and tumor-infiltrating lymphocytes correlated with a good

prognosis13.  The following reasons might account for the

contradictory results: (1) different antibodies were used in

the above studies for examining PD-L1 protein expression,

(2) the criteria that were employed by the studies to define

positive PD-L1 expression were inconsistent, (3) the clinical

stages of the included patients and the intervening factors

varied among the  studies,  and (4)  the  different  sampling

times affected PD-L1 detection. Therefore, establishment of a

unified  platform  for  detecting  PD-L1  and  standardized

criteria for defining positive PD-L1 expression are of great

significance to future PD-L1 examinations. In addition, our

results showed that PD-L1 expression did not associate with

OS in NKTCL. Because of the limited number of cases, high-

quality  studies  with  larger  homogeneous  populations  are

needed to determine the role of PD-L1 expression in NKTCL.

Tumor immunotherapy has become the main treatment

approach for  various  tumors,  among which PD-1/PD-L1

inhibitor-based therapies are most commonly used. Previous

studies  have  found  that  inhibitors  of  the  PD-1/PD-L1

pathway exhibit high efficacy in the treatment of recurrent

and  refractory  NHL,  and  upregulated  PD-L1  expression

positively correlates with the efficacy of PD-1/PD-L1 pathway

inhibitors in Hodgkin lymphoma and NHL24. Upregulation

of PD-L1 expression is mainly achieved through intracellular

and extracellular mechanisms. The intracellular mechanism

mainly involves the regulation of PD-L1 expression at the
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Figure 6   Egger’s and Begg’s funnel plot with 95% confdence intervals for OS publication bias testing. (A) Begg’s funnel plot with 95 %

confidence intervals for OS publication bias testing. (B) Egger’s funnel plot with 95 % confidence intervals for OS publication bias testing.
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transcriptional  and  translational  levels  through  various

intracellular  signaling  pathways.  For  example,  the

mechanistic  target  of  rapamycin/AKT and nuclear  factor

kappa B signaling pathways have been demonstrated to play

important roles in regulating PD-L1 expression in a variety of

tumors.  Structural variations (SVs) in the 3′-untranslated

region  of  the  PD-L1  gene  also  affect  PD-L1  expression.

Under certain circumstances, such SVs cause open reading

frame rearrangements of the PD-L1 gene, ultimately resulting

in the elevation of PD-L1 protein expression.

To further verify the findings, researchers have employed

the  clustered  regularly  interspaced  palindromic  repeats

(CRISPR)/CRISPR-associated  nuclease  9  gene-editing

technique to destroy SVs in mouse models. SV elimination

impeded the increase in PD-L1 protein expression25.  The

extracel lular  mechanism  mainly  involves  various

proinflammatory factors and cytokines that are secreted by

the  tumor microenvironment,  among which IFN gamma

(IFN-γ)  plays  a  particularly  important  role26.  In  clinical

practice, the patient populations who may potentially benefit

from  targeted  immunotherapy  can  be  screened  out  by

analyzing the relationship between PD-L1 overexpression

and clinical parameters. The results of the present study show

that PD-L1 expression correlated with IPI. A higher rate of

positive PD-L1 expression was detected when IPI was ≥3.

However,  PD-L1  expression  was  not  related  to  sex,  age,

tumor  stage,  LDH,  or  B  symptoms.  DLBCL  is  the  most

common NHL subtype and is divided into GCB and non-

GCB subtypes based on the tumor origin27. Our study found

that PD-L1 expression was higher in GCB DLBCL compared

to  non-GCB  DLBCL.  Clarification  of  the  relationships

between PD-L1 expression and clinical parameters may allow

the identification of beneficiaries at the clinical level.

To our knowledge, this is the first meta-analysis to analyze

the  relationship of  PD-L1 expression with  prognosis  and

clinical  parameters  in  NHL.  Our  study  included  a  large

number of samples, which imparts a high statistical power.

Therefore, the results of the present study are more stable

and  accurate  than  those  of  previous  individual  studies.

However, we acknowledge that the present study had certain

limitations. First, only two studies that focused on NKTCL

were included in our meta-analysis. Therefore, combining

the results of the included studies resulted in a relatively low

statistical power. A larger sample size is needed to confirm

the findings of our meta-analysis. Second, without individual

patient  data,  certain  data  on  the  relationships  between

clinical  parameters  and  PD-L1  could  not  be  combined.

Third, the included studies used different PD-L1 antibodies

and cutoff values, which might have affected the stability of

the  results.  Finally,  only  English-language  articles  were

included in our analysis. Therefore, a potential publication

bias might arise.

In conclusion, despite the limitations described above, our

meta-analysis is the first report to focus on the prognostic

significance of PD-L1 expression in patients with NHL. The

results of the present study demonstrate that positive PD-L1

expression is a prognostic predictor of NHL. Additionally,

the  present  study  found  that  higher  IPI  values  were

associated with higher PD-L1 expression, demonstrating that

patients with a high IPI may be prime candidates for PD-

1/PD-L1 inhibitor therapy. In the future, multicenter, large-

sample studies need to be performed to further confirm the

relationship between PD-L1 and NHL.
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