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Abstract
To investigate the prognostic value of tumor-infiltrating T-cell density and programmed cell death ligand-1 (PD-L1) expres-
sion in diffuse large B cell lymphoma (DLBCL). One-hundred-twenty-five Chinese DLBCL patients were enrolled in our 
study and provided samples; 76 of all cases were treated with rituximab (R). Tumor tissues were immunostained and ana-
lyzed for CD3+ and CD8+ tumor-infiltrating T-cell density, tumoral PD-L1, and microenvironmental PD-L1 (mPD-L1). 
The density of CD3 was rated as high in 33.6% cases, while 64.0% of DLBCLs were classified as high CD8 density. Of 
all cases, 16.8% were PD-L1+. Of the remaining PD-L1–DLBCLs, 29.8% positively expressed mPD-L1. Both CD3 high 
density and CD8 high density were associated with mPD-L1 positivity (P = 0.001 and P = 0.0001). In multivariate analysis, 
independently, high CD3 density predicted better OS (P = 0.023), while CD8 high density and PD-L1 positivity were both 
associated with prolonged PFS (P = 0.013 and P = 0.036, respectively). Even in the subgroup treated with R, univariate analy-
ses indicated that high CD3 density and PD-L1 positivity were associated with better OS (P = 0.041) and PFS (P = 0.033), 
respectively. The infiltrating densities of CD3+ T-cells, CD8+ T-cells, and PD-L1 expression are predictive of survival in 
DLBCLs, irrespective of R usage.

Keywords  Diffuse Large B cell lymphoma · Prognosis · Immunohistochemistry · Microenvironment · T-cell · Programmed 
cell death ligand-1

Introduction

Diffuse large B cell lymphomas (DLBCL) is the most com-
mon subtype of aggressive lymphoma with significant 
clinicopathological heterogeneity. In spite of international 
prognostic index (IPI) used to stratify the risk [1], the cell of 
origin (COO) classification with Hans’s immunohistochemi-
cal algorithm [2] was also widely used in DLBCL patients 
to identify two major subtypes of DLBCL with different 
prognosis, in which the germinal center B-cell-like (GCB) 
subtype of DLBCL carries a better prognosis.

However, the standard chemotherapy with rituximab 
plus cyclophosphamide, doxorubicin, vincristine and pred-
nisolone (R-CHOP) has generally improved the survival of 
DLBCL patients, and thus obscured the survival difference 
between two subgroups classified by COO. But shortly after 
the treatment with R based immunochemotherapy, about 
40% DLBCL patients still suffered relapse and death [3].

So, it is always a priority to develop new biomarkers 
independent with COO or R in the prognosis and targeted 
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therapy research of DLBCL, especially for those relapsed 
and refractory (R&R) cases [3–6]. Recently, doule-expres-
sor lymphoma (also known as Double-hit score lymphoma, 
DEL) [5] and expression of programmed cell death ligand-1 
(PD-L1) [7, 8] were reported to be factors predicting worse 
prognosis in DLBCL.

Despite of those studies mainly focused on tumor cells, it 
has become increasingly recognized that the constitutional 
difference of tumor microenvironment cells, especially T 
cells, would also play critical roles in predicting survival in 
many kinds of cancers [9–11]. DLBCL with high density 
of CD8+ [12] or CD3+ infiltrating T cells [13] seemed to 
have improved outcome .Moreover, positive PD-L1 stain-
ing on background cells was reported to correlate with high 
density of CD3 and CD8 in hepatocellular carcinoma [14], 
thus further studies are needed to clarify similar relationship 
in DLBCL.

We collected the tumor tissues of some Chinese DLBCL 
patients. By reviewing expression of intratumoral CD3+ 
and CD8+ T cell density, and PD-L1 via immunostaining 
(either tumoral or microenvironmental cells), we explored 
their association with the other already well-recognized pre-
dictive factors in DLBCL and tried to prove the potential 
survival impacts of these three makers in DLBCL, according 
to the follow-up data and survival analyses.

Patients and methods

Patient selection and characteristics

This study was approved by the Ethical Committee of Peking 
University Cancer Hospital. Patients who were newly diag-
nosed as DLBCL at Peking University Cancer Hospital from 
Jun 21, 2002 to May 29, 2015 were enrolled. All cases have 
available clinical data and formalin fixed paraffin embedded 
tissue. Finally, 125 patients with chemotherapy as first line 
treatment were included in our study. Of them 76 cases were 
treated with R-CHOP/R-CHOP-like regimens, and the oth-
ers were treated with CHOP/CHOP-like regimens without 
R. The details for clinical characteristics (including Age, 
Gender, Ann Arbor stage, B symptoms, Eastern Cooperative 
Oncology Group (ECOG) score, extranodal sites, normal-
ized LDH ratio, bulky mass, IPI risk Group, treatment regi-
mens) of these patients were listed on Table 1. The median 
follow-up time was 25.7 months (range 0.8–131.1).

Tissue microarrays

Formalin-fixed, paraffin-embedded tissue blocks of 125 
DLBCL were subjected to the construction of tissue micro-
array (TMA), and representative tumor areas were selected 
and marked on hematoxylin–eosin stained slides. TMA were 

constructed with a computer driven semi-automated instru-
ment (Alphelys, Plaisir, France), dual cores of 1 mm diam-
eter from each tumor sample were arrayed into the recipient 
blocks.

Immunohistochemical analysis

TMA blocks were cut to 4-µm thick sections and applied 
to immunohistochemical staining (IHC), all IHCs were 
performed using a BenchMark ULTRA automated IHC 
staining instrument (Tucson, VENTANA-Roche, USA) 
with an ultra-VIEW kit (Tucson, VENTANA-Roche, 
USA). Information for the antibody panels is provided in 

Table 1   Clinical characteristics and outcome dataset of the 125 
DLBCL cases

CR complete response, ECOG Eastern Cooperative Oncology Group, 
LDH lactate dehydrogenase, IPI International Prognostic Index, No. 
number, PD progressive disease, PR partial response, R-CHOP: 
rituximab plus cyclophosphamide, doxorubicin, vincristine and pred-
nisolone

Clinical characteristics No. (total N = 125) %

Age
 Median 56.1 (years)
 Range 23.6–84.3 (years)
 > 60 43 34.4

Gender
 Male 75 60.0

Ann Arbor stage
 I–II 63 50.4
 III–IV 62 49.6

B symptoms
 Present 47 37.6

ECOG
 > 1 10 8.0

Extranodal sites > 1
 Present 28 22.4

Elevated serum LDH
 Elevated 65 52.0

Bulky mass
 Present 38 30.4

IPI risk Group
 High (3–5) 33 26.4

Treatment (1st chemotherapy)
 R-CHOP/R-CHOP-like 76 60.8
 Other chemotherapy 49 39.2

Treatment response
 CR 84 67.2
 PR 16 12.8
 PD 24 19.2
 Not evaluable 1 0.8

Follow-up (median in months, range) 25.7 (0.8–131.1)
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supplementary Table S1, appropriate internal and external 
controls were used as positive and negative controls for each 
IHC biomarker.

Epstein‑Barr virus in situ hybridization

4-µm thick tissue sections were hybridized with a biotin-
labeled nucleic acid probe (Pan Path, Budel, Netherlands) 
complement to EBV-encoded RNA (EBER1/2) to determine 
the existence of EBV. The DLBCL specimens with EBV 
infection would be indicated by the presence of signals in 
the nuclear of lymphoma cells.

Image scanning and semi‑quantitative analysis

The TMA slides after immunostaining and EBER1/2 
hybridization were scanned with whole-slide-images, using 
an Aperio XT Scanscope (Leica), two pathologists (Yun-
fei Shi and Yumei Lai) independently viewed digital slides 
using ImageScope Software (Leica). Both CD20 and PAX5 
stained slides were reviewed to confirm the TMA cores with 
high proportion of representative DLBCL tumor cells. The 
relative positive proportion of targeted cells were determined 
by average of three different scanned tumor areas in both 
duplicated TMA core for each sample.

CD3+ T-cell density and CD8+ T-cell density were cal-
culated by the percentage of CD3+ T-cells or CD8+ T-cells 
to total cellularity in each representative tumor region. 
According to the results of survival analysis, the degree 
of CD3+ T-cell density was classified into two categories: 
≤ 25% as low and > 25% as high density. The cut-off values 
for CD8+ T-cell was ≤ 10% as low and > 10% as high den-
sity (Cut-off set up details can be found in the supplemen-
tary method section). To keep in accordance with literature, 
PD-L1 staining on tumor cells was considered positive in 
cases with moderate (2+) or strong (3+) cytoplasm reaction 
and the percentage of the positive tumor cells were set as 
above 30% [6], while for microenvironmental PD-L1 (mPD-
L1) the positivity was defined when the PD-L1 positive non-
malignant stromal cells represented 20% or more of the total 
tissue cellularity [6].

Other IHC makers or algorisms (included COO, MYC, 
BCL2, P53, Ki67, CD30, EBER) were evaluated in the 
following way: COO immunophenotype was classified as 
GCB or non-GCB and determined by Hans’ algorithm, 
and a uniform cut-off of 30% was chosen on the expres-
sion of CD10, BCL6, and MUM1 [2]. The positive cut-off 
value for DEL were assigned as ≥ 40% for MYC (nuclear) 
and ≥ 70% for BCL2 (cytoplasmic) [3], while cut-off 
value for high expression of sole MYC or sole BCL2 was 
≥ 40% and > 30%, respectively [12, 15]. The expression 
level of Ki67 was rated as ‘high’ if > 80% neoplastic cells 
were nuclear-positive [8]. The cut-off value for high level 

P53 expression was ≥ 30% as reported in the literature 
[16]. CD30 were considered as positive if > 5% tumor 
cells showed positive staining on cell membrane. Finally, 
EBER1/2 were judged as ‘positive’ if > 5% tumor cells 
showed nuclear signal.

Statistical analysis

Pearson correlation χ2 test or Fisher exact test were per-
formed for the relation between CD3, CD8, PD-L1 and 
all other IHC variables and clinical parameters. The out-
comes measured by overall survival(OS), defined as the 
time from diagnosis to death from any cause, with surviv-
ing patients censored at last follow-up, and progression-free 
survival(PFS), defined as the time from diagnosis to failure 
of treatment, including partial response (PR), relapse after 
complete response (CR) or death from any cause. The uni-
variate Kaplan–Meier method was used to estimate OS/PFS 
survival, and all survival curves were compared using the 
log-rank test. Cox proportional hazards regression models 
that were age-and sex-adjusted and multivariate-adjusted 
were both used to evaluate the proposed independent prog-
nostic factors. And only P values (2-sided) < 0.05 were con-
sidered with statistically significant difference. All statistical 
analyses were performed using SPSS version 17.0 (IBM, 
Corporation, Armonk, NY, USA).

Results

IHC characteristics of CD3, CD8 and PD‑L1 in DLBCL

The density of infiltrating CD3+ T-cells in TMA slides 
presented a wide spectrum (Fig. 1a, b), from rarely scat-
tered (0.8%) to densely distributed (60.0%), with a median 
density of 20.0%. The cellular density percentage of CD8+ 
cytotoxic T-cells ranged between 0.5–47.5%, with a median 
value of 12.5% (Fig. 1c, d). According to the immunol scor-
ing parameters for CD3/CD8 defined cut-off value in meth-
ods section, there were 42 cases with CD3- high density and 
83 cases with CD3-low density. While for IHC staining of 
CD8+ T cells, 80 cases were rated as CD8-high density and 
other 45 cases were rated as CD8-low density.

21 out of 125 (16.8%) cases showed PD-L1 positivity 
on lymphoma cells (Fig. 1e), and for those tumoral PD-L1 
negative ones, 31 (29.8%) of all samples showed mPD-L1 
expression in the non-lymphoma cells (Fig. 1f). The percent-
ages of PD-L1 expression in malignant cells (both ratios 
to total tumor cells or total cellularity) and nonmalignant 
cells (ratios to total tumor cellularity) were all summarized 
in Fig. 2.
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Fig. 1   Representative images of CD3, CD8 and programmed cell 
death ligand 1 (PD-L1) immunostains in diffuse large B cell lym-
phoma (DLBCL). Images a and image b indicated high (a) and low 
(b) density of CD3 expression, whereas images c, d showed high 
(c) and low (d) density of CD8 expression, all images from a to d 
focused the non-neoplastic lymphocytes. In image E, PD-L1 was 

strongly immunostained in tumor cells on the membrane and par-
tial cytoplasm, however, for the case showed in image f, PD-L1 was 
mainly immunostained in the non-tumor cells (also called mPD-L1), 
but with little staining in tumor cells. All expressions of biomarkers 
were shown by HRP-DAB immunostaining
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The association of CD3+ T‑cell density, CD8+ T‑cell 
density and PD‑L1 with other reported prognostic 
factors

The high density of CD3+ T-cell was significantly cor-
related with high density of CD8+ T-cell (P < 0.001). 
Neither CD3+ nor CD8+ T-cell density level showed sta-
tistically significant association with PD-L1 expression 
(P = 0.136 and P = 0.076). However, both CD3 and CD8 
high were associated with mPD-L1 positivity (P = 0.001 
and P = 0.0001, Table 2).

Their statistical correlation with those already reported 
pathological prognostic parameters were also evaluated, 
respectively (Table 2). CD3-high was found only corre-
lated with low level of Ki67 (P = 0.026). There were 41/83 
(49.4%) cases with Ki67 at ‘high’ level in CD3-low den-
sity subgroup, while only 12/42 (28.6%) in CD3-high den-
sity subgroup. CD8-high was only correlated with BCL2 
positivity (P = 0.039).

For PD-L1, it was only found related to COO, and in 
the PD-L1 positive cases, 85.7% (18/21) was from non-
GCB, but in the 104 PD-L1 negative cases, the non-GCB 

accommodated 59.6% (62/104). However, mPD-L1 did not 
correlate with any pathological biomarkers in our analysis.

As to those clinical prognostic variables (Table 3), both 
CD3-low and CD8-low density showed association with 
more than one extra nodal sites involvement (P = 0.045 for 
CD3 and P = 0.028 for CD8) and ‘high’ score of IPI (scored 
3–5, P = 0.029 for CD3 and P = 0.030 for CD8). Besides, 
CD3-low density also had a significant association with 
patient death (P = 0.029). PD-L1 expression in tumor cells 
showed negative correlation with relapse (P = 0.041) and 
mPD-L1did not correlated with any clinical risk factors. 
Details are shown in Table 3.

CD3+ T‑cell density,CD8+ T‑cell density, and PD‑L1 
expression associated with clinical outcomes

To investigate the prognostic impact of CD3+ T-cell density, 
CD8+ T-cell density, and expressions of PD-L1 or mPD-
L1, a univariate survival analysis was done in combination 
with those well recognized clinicopathological factors, and 
therapeutic regimens with or without rituximab (R) as well. 
All variables were listed in Tables 2 and 3.

Fig. 2   The percentages of PD-L1 expressed by malignant and nonma-
lignant cells in tumor areas of the 125 DLBCL cases. The red line 
indicates the percentage of PD-L1+ tumor cells among all malig-
nant cells. The blue bars showed the percentages of PD-L1+ malig-

nant cells to total tissue cellularity, whereas the green bars indicated 
the PD-L1+ nonmalignant cells among total tissue cellularity. The 
PD-L1 positivity threshold was above 30% of all lymphoma cells
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By univariate analysis of OS, CD3-low density and 
CD8-low density predicted worse OS (P = 0.023, P = 0.048, 
Fig. 3a, b). Patients with DEL (P = 0.012), Ann Arbor stage 
(III/IV, P = 0.003), extranodal sites > 1 (P = 0.003), nor-
malized LDH ratio > 1 (P = 0.029), IPI high-score (3–5, 
P = 0.001) also had a lower probability of OS.

While for the univariate analysis of PFS,those cases with 
CD8-low density (P = 0.013, Fig. 3c) or PD-L1 negativity 
(P = 0.036, Fig. 3d) had shorter PFS time. Patients with DEL 
(P = 0.002), BCL2 positivity (P = 0.02), Ann Arbor stage 
(III/IV, P = 0.0001), extranodal sites > 1 (P = 0.0002), LDH 
ratio > 1 (P = 0.029), IPI high-score (3–5, P = 0.0004) and 
treatment with R also significantly correlated with lower 
PFS rates (P = 0.008).

With regard to age- and sex-adjusted analyses of OS, CD, 
3-low density (P = 0.043), in addition with DEL (P = 0.008), 
Ann Arbor stage (III/IV, P = 0.006), extranodal sites > 1 
(P = 0.011), LDH ratio > 1 (P = 0.042) and IPI high-score 
(3–5, P = 0.010), were all identified as adverse-impact prog-
nostic variables (Table 4). For PFS analysis adjusted by age 
and sex, CD8-low density (P = 0.012), PD-L1 negativity 
(P = 0.046), existence of DEL (P = 0.002), BCL2 positivity 
(P = 0.020), Ann Arbor stage III/IV (P = 0.0002), extranodal 
sites > 1 (P = 0.0006), normalized LDH ratio > 1 (P = 0.031), 
IPI high-score (3–5, P = 0.002), and treatment without R 
(P = 0.0113) were all identified as risk factors (Table 5).

Cox regression analyses were performed for the survival, 
all clinical and pathological parameters associated with OS 
and PFS in the univariate analysis described above together 
with age and sex included in the model. Since treatment 
with R improved the outcome of DLBCL it was forced to 
join the OS multivariate analysis, and “Backward Stepwise 
(Conditional LR)” method was adapted. Only CD3+ T-cell 
density (P = 0.023), Ann Arbor stage (P = 0.010) and treat-
ment (P = 0.015) were still independently significant for 
the OS of DLBCL (Table 5). While CD8+ T-cell density 
(P = 0.025), PD-L1 expression (P = 0.041), DEL (P = 0.024), 
Ann Arbor stage (P = 0.00001) and treatment (P = 0.0002) 
remained independent predictors for PFS.

The impacts of CD3, CD8 and PD‑L1 on outcomes 
classified by treatment with or without rituximab

As treatment “with R” would independently improve the 
prognosis in multivariate analysis, so we further discussed 
the impacts of CD3+ T-cell density, CD8+ T-cell density 
and tumoral PD-L1 expression on clinical outcomes in 
two different treatment subgroups (with R and without R) 
by univariate analyses. In the treatment subgroup treated 
with R, CD3-high density indicated better outcome for 
OS (P = 0.041, Fig. 4a), and PD-L1 positive patients also 
showed higher rate of PFS (P = 0.033, Fig. 4b). On the 
contrary,D
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Fig. 3   CD3 density, CD8 density and PD-L1 expression associ-
ated with clinical outcomes. Univariate (Kaplan–Meier estimations) 
with the log rank test for overall survival (OS) and progression-free 
survival (PFS) in DLBCL patients. Patients with CD3 high density 
(> 25% of total cellularity) (a) and CD8 high density (> 10% of total 
cellularity, b) in tumor microenvironment exhibited prolonged (OS). 

Patients with CD8 high density also showed better prognosis in terms 
of PFS (c), and those patients with PD-L1 positively expression in 
tumor cells tended to show prolonged PFS with statistical signifi-
cance (d). Log-rank P values and number of cases analyzed were all 
provided

Table 4   Prognostic factors affecting the overall survival of patients with DLBCL

DEL double expressor lymphoma, R rituximab
a Method = Backward Stepwise (Conditional LR)
b Normalized LDH (ratio to the institutional upper limit of normal) was adapted

Age- and sex-adjusted analysis Multivariate analysisa

HR (95% CI) P HR (95% CI) P

CD3 high density (> 25%) vs CD3 low density 3.533 (1.040–12.004) 0.0430 4.198 (1.222–14.416) 0.0227
CD8 high density (> 10%) vs CD8 low density 2.279 (0.980–5.298) 0.0560 1.827 (0.687–4.862) 0.2273
Non-DEL vs DEL 3.856 (1.432–10.384) 0.0080 2.282 (0.876–5.945) 0.0912
Ann Arbor stage I/II vs III/IV 4.068 (1.496–11.068) 0.0060 3.949 (1.383–11.275) 0.0103
Extranodal sites ≤ 1 vs. > 1 3.124 (1.297–7.526) 0.0110 1.157 (0.379–3.537) 0.7978
LDH ratio ≤ 1 vs. > 1b 2.665 (1.037–6.849) 0.0420 2.723 (0.973–7.620) 0.0563
IPI low score (0–2) vs IPI high score (3–5) 3.460 (1.343–8.913) 0.0100 0.711 (0.105–4.801) 0.7264
Chemotherapy with R vs chemotherapy without R 1.594 (0.677–3.754) 0.2860 3.158 (1.256–7.943) 0.0145
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in subgroup treated without R, only patients with CD8-
high density would have both longer OS (P = 0.016, Fig. 4c) 
and PFS (P = 0.011, Fig. 4d), further details are presented in 
supplementary Table S2.

Discussion

Our study demonstrated that the densities of infiltrating 
T-cells expressed CD3 and CD8 were variable in DLBCL, 
and those cases with either high density of CD3+ or CD8+ 
T-cells correlate with lower IPI score. In our study, patients 
with CD3-high predicted improved OS, while CD8-high cor-
related with better PFS, suggesting densities of infiltrating 
CD3+ or CD8+ T-cells might be used as important predic-
tive factors in clinicopathological practice.

Coutinho, et al. also reported that patients with high den-
sity of CD3 and FoxP3 would have better outcome [13]. 
However, FoxP3, which generally represents regulatory 
T-cells [17], showed a controversial and negative prognos-
tic impact in some functional studies [18–20], and CD4+ 
T-cells density was never considered as a predictive bio-
marker in DLBCL and other cancers [10, 13, 14, 21]. It may 
be due to the heterogeneity of CD4+ T-cells, which include 
different Th and Treg subsets [17], and different subsets even 
have opposite effect on tumor growth [21]. Therefore, we did 
not involve CD4 nor FoxP3 in our study.

With respect to results from Rajnaiet al [12], higher num-
ber of tumor-infiltrating CD8+ T-cells was an independent 
favorable prognostic marker for the survival in primary 
bone DLBCL. Increased infiltrate of CD3+ and CD8+ T 
cells might reflect activation of host anti-tumor immunity 
[14]. Cytotoxic CD8+ T cells were found associated with a 
Th1-oriented immune reaction strongly correlate with good 
clinical course in most studied cancer types [22]. These 

might partially explain our finding that high density of 
infiltrating T-cells (either CD3+ or CD8+) independently 
improved patients’ survival.

We also confirmed PD-L1 expressed variably on either 
tumor cells or non-neoplastic cells in DLBCL, and those 
patients with PD-L1 positivity on tumor cells tended to be 
non-GCB phenotype, which is also in concordance with 
previously reported results [6, 8, 23]. It was mPD-L1 rather 
than tumoral PD-L1 which was associated with the high 
densities of CD3+ and CD8+ T-cells in DLBCL. This was 
also mentioned in the studies of HCC [14]. The expression 
of mPD-L1 came from nonmalignant cells, including mac-
rophages, dendritic cells and lymphocytes [6, 14, 23]. This 
finding might also explain the immunosuppressive mecha-
nism: both tumor escape from host immune surveillance and 
inhibition of activated T-cells.

In our study, patients with tumoral PD-L1 positivity 
tended to have longer PFS time. Although PD-L1 corre-
lated with worse survival in studies of gastric cancer, renal 
cell carcinoma and squamous cell carcinoma at head and 
neck [24–26], it was also correlated with better survivals 
in studies about small cell lung cancer, and ovarian cancer 
[27, 28], the predictivity remained controversial in both 
melanoma [29] and non-small cell lung cancer [30, 31].
In the DLBCL studies by Kiyasu et al. and Xing et al. [6, 
8], patients with tumoral PD-L1 expressions had worse 
overall survival. To identify patients with worse outcome, 
their thresholds for PD-L1 positivity was > 30% tumor 
cells [6, 8].Our study adopted the same threshold and dem-
onstrated that cases with PD-L1 positivity on lymphoma 
cells did not significantly affect OS, but did have signifi-
cant longer PFS time. This result was never mentioned 
in previous PD-L1 studies of DLBCL. Another study by 
Kwon et al. [23] reported that patients with strong PD-L1 
expression (> 10% tumor cells) tended to show prolonged 

Table 5   Prognostic factors affecting the progress free survival(PFS) of patients with DLBCL

DEL double expressor lymphoma, IPI international prognostic index, PD-L1 programmed cell death ligand-1, R rituximab
a Method = Backward Stepwise (Conditional LR)
b Normalized LDH (ratio to the institutional upper limit of normal) was adapted

Age- and sex-adjusted analysis Multivariate analysisa

HR (95% CI) P HR (95% CI) P

CD8 high density (> 10%) vs CD8 high density 1.979 (1.159–3.376) 0.0123 1.916 (1.087–3.379) 0.0246
PD-L1+ vs PD-L1− 2.568 (1.018–6.477) 0.0457 2.640 (1.039–6.710) 0.0413
BCL2− vs BCL2+ 2.358 (1.144–4.863) 0.0202 2.019 (0.919–4.433) 0.0801
Non-DEL vs DEL 2.845 (1.485–5.452) 0.0016 2.203 (1.111–4.369) 0.0237
Ann Arbor stage I/II vs III/IV 3.082 (1.719–5.526) 0.0002 3.916 (2.150–7.133) 0.00001
Extranodal sites ≤ 1 vs > 1 2.655 (1.516–4.651) 0.0006 1.370 (0.683–2.748) 0.3752
LDH ratiob ≤1 vs > 1 1.838 (1.059–3.191) 0.0305 1.600 (0.835–3.063) 0.1565
IPI low (0–2) vs IPI high (3–5) 2.571 (1.412–4.680) 0.0020 0.625 (0.177–2.211) 0.4662
Chemotherapy with R vs chemotherapy without R 2.004 (1.170–3.432) 0.0113 2.890 (1.653–5.052) 0.0002
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OS but without significant difference. We also noted that 
unlike these DLBCL studies, the PD-L1-positive patients 
had a trend toward better overall survival in NK/T cell 
lymphoma [32]. It should be pointed out that the IHC of 
PD-L1 expression mentioned above were performed with 
different clones of PD-L1 antibody, including E1L3N [8, 
23] and PD-L128-8 [6], and we used the FDA approved 
SP142 clone [33]. More recent and prospective studies 
confirmed that all these antibodies showed excellent con-
cordance when applied in scoring tumor cell positivity 
[34, 35].

We did not find a correlation that mPD-L1 expression can 
also be utilized as prognostic makers for DLBCL patients, 
which might be caused by the poor concordance for scoring 

background immune cells by pathologists, when stained with 
different clones of antibody [35].

As DLBCL patient treated with R or without R were 
both included in our study, although multivariate analysis 
confirmed the usage of R significantly and independently 
affected both OS and PFS as previous studies [36], CD3+ 
T-cell density still independently affect OS, CD8+ T-cell 
density and PD-L1 still independently affect PFS, irre-
spective of the usage of rituximab. When we clarified the 
patients into two groups with “R” and without “R”, from 
univariate analyses, in the subgroup treated “with R”, CD3-
high DLBCL cases had better OS, and patients with PD-L1 
positivity also had favorable PFS. While in subgroup treated 
“without R”, only patients with CD8-high density will have 

Fig. 4   CD3 density, CD8 density and PD-L1 expression could pre-
dict clinical outcomes in patients with or without rituximab(R) in 
their treatment. In patients treated with R, Kaplan Meier plots with 
log rank test showed prolonged overall survival (OS) in patients with 
CD3 high density (> 25% of total cellularity) (a), and patients with 

PD-L1 positivity (b) on tumor cells exhibited prolonged progression-
free survival (PFS). However, in patients without R-CHOP/R-CHOP-
like therapy, those cases with CD8 high density (> 10% of total cel-
lularity) showed better prognosis in terms of both OS (c) and PFS (d). 
Log-rank P values and number of cases analyzed were all provided
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both better OS and PFS, indicating that CD3 and PD-L1 
would affect the survival of DLBCL in this “Rituximab Era”. 
We did not go further with multivariate analysis because of 
the limited patient sample scales in the classified subgroups.

In conclusion, our study demonstrated that the potential 
predictive impacts of microenvironmental T-cell densities 
in DLBCL, and we further identified PD-L1 expression 
on tumor cells correlated with prolonged PFS. These find-
ings might contribute to the explorations of new prognos-
tic biomarkers in DLBCL. It will also be helpful to future 
therapeutic strategies in DLBCL, including either activators 
for stimulator of interferon genes (STING) or inhibitors to 
immune checkpoints.
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