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Résumé

L’importance clinique de l’expression de PD‑L1 et 
PD‑1 dans le lymphome diffus à grandes cellules B

Introduction La voie cible PD‑1 / PD‑L1 présente une 
efficacité clinique dans les tumeurs solides mais égale‑
ment dans les lymphomes de Hodgkin et non‑Hodg‑
kin. L’expression de PD‑L1 est le plus souvent corrélée 
à un mauvais pronostic et à un facteur régulateur de 
PD‑1 qui induit une immunosuppression. La présence 
d’un nombre accru de lymphocytes infiltrant la tu‑
meur (TIL) PD‑1 + est un facteur pronostique favorable 
chez les patients atteints de DLBCL et de lymphomes 
folliculaires, tandis que le faible nombre de TIL PD‑1 
+ est associé à un risque accru de transformation his‑
tologique. Dans DLBCL, TIL PD‑1 + peut ne pas re‑
fléter l’épuisement des cellules tumorales à médiation 
T mais peut être un indicateur de l’origine des cellules 
lymphoïdes.

AbstRAct

Introduction The target pathway programmed cell 
death‑1 (PD‑1)/ programmed death‑ligand 1 (PD‑L1) 
shows clinical efficacy in solid tumors, but also in 
Hodgkin’s and non‑Hodgkin’s lymphoma. PD‑L1 
expression most often correlates with a poor prog‑
nosis and a PD‑1 regulatory factor that mediates 
immunosuppression. The presence of an increased 
number of tumor‑infiltrating lymphocytes (TILs) 
PD‑1 + is a favorable prognostic factor in patients 
with diffuse large B cell lymphomas (DLBCLs) and 
follicular lymphomas, while the low number of 
TILs PD‑1 + is associated with an increased risk 
of histological transformation. In DLBCLs, TILs 
PD‑1 + may not reflect the depletion of T‑mediated 
tumor cells but may be an indicator of lymphoid 
cell origin.
Objectives The objective of this study was to de‑
scribe the correlation between PD‑1 and PDL‑1 with 
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IntRoductIon

Diffuse large B‑cell lymphoma (DLBCL) is the 
most common (exceeds 35%) of non‑Hodgkin’s ma‑
lignant lymphomas (NHL). It represents a problem of 
national and international health because it occurs at 
all ages, without specific signs and symptoms, has an 
aggressive pattern of evolution and a poor prognosis 
if left untreated. The treatment for DLBCL patients 
has been revolutionized in recent years, with the ad‑
dition of rituximab to combination chemotherapy, re‑
sulting in an increased proportion of cured patients.

DLBCL is characterized by a high heterogeneity 
in morphology, immunophenotype, and cytogenetic 
profile, some clinical aspects such as the type of treat‑
ment response and evolution. DLBCL is classified by 
gene expression profile (GEP) into germinal center 
cell‑like (GCB) group, activated B cell‑like (ABC) 
group and type 3, with the last two having signifi‑
cantly worse outcome1. Hans algorithm is made up 
of three markers (CD 10: CGB, BCL 6 associated 
with both CGB and ABC group; MUM1: post CG 
marker)2.

The tumor microenvironment is the cellular 
and molecular environment which coexists with 
tumor cells and continuously interacts with them. 
Recognition of the microenvironment importance, 
especially in B malignancies, paved the way for the 
development of targeted therapeutic strategies as well 
as for the interaction with tumor cells.

Many studies have evaluated the role of PD‑1 
(programmed cell death‑1) and PD‑L1 (programmed 
death‑ligand 1), which is expressed in most aggressive 
B lymphomas but also correlates with immune escape 
mechanisms3‑5.

The MHC II transactivator class (CIITA) fuses 
frequently with PD‑L1 and PD‑L2 that may result 
from decreased HLA‑DR expression3. The pathway 
consisting of the PD‑1 receptor (CD 279) and its 
PD‑L1 and PD‑L2 ligands (B7‑DC; CD 273) plays an 
essential role in peripheral tolerance and also medi‑
ates the inhibitory signals constituting antitumor im‑
munity. The target pathway PD‑1/ PD‑L1 shows clin‑
ical efficacy in solid tumors6 but also in Hodgkin’s 
and non‑Hodgkin’s lymphoma7,8.

Kiyasu et al evaluated the PD‑L1 expression in 
1253 patients diagnosed with DLBCL; the results 
of their study reveal the significance of identifying 
PD‑L1 expression that most often correlates with a 
poor prognosis and a PD‑1 regulatory factor that me‑
diates immunosuppression. The tumor infiltrating 
lymphocytes (TIL) PD‑1 positive number correlates 
with tumor‑specific PD‑L1 expression and represents 
a negative prognostic factor. The PD‑L1 expression 
(PD‑L1 or mouse PD‑L1 positive) is associated with 
the non‑germinal subtype (CGB) and the presence of 
EBV. The number of PD‑1 positive in TIL decreases 
proportionally with PD‑L1 expression in malignant 
or non‑malignant cells compared to DLBCL CGB, 
where low PD‑L1 expression is observed. The low 

Objectifs Les objectifs de l’étude sont les corrélations 
entre PD‑1 et PDL‑1 avec la survie.
Matériel et méthodes Nous avons étudié 80 patients 
et nous avons analysé DLBCL selon l’algorithme de 
Hans; de plus, nous avons analysé PD‑1 et PD‑L1 dans 
les cellules tumorales et dans les cellules immunitaires 
et nous avons corrélé ces données avec la survie du 
patient.
Résultats Nous avons constaté une tendance à la di‑
minution de la survie et de la réponse thérapeutique 
chez les patients atteints de DLBCL, avec une positivi‑
té à la fois intense et faible au PD‑L1 dans les cellules 
tumorales. La faible positivité PD‑1 était associée à un 
pourcentage plus élevé de rechute et de manque de ré‑
ponse au traitement.
Conclusions Nos données suggèrent que l’expression 
de PD‑L1 est en corrélation avec une réponse clinique 
médiocre, bien que ce ne soit pas un marqueur pronos‑
tique indépendant et que PD‑1 représente un facteur 
de prédiction favorable pour la survie.

Mots-clés: lymphome diffus à grandes cellules B, 
PD‑L1, PD‑1, pronostic, survie, réponse thérapeutique.

survival in patients with the diagnosis of diffuse large 
B cell lymphoma.
Material and methods We have studied 80 patients 
and we have analyzed DLBCLs according to the Hans 
algorithm; in addition, we analyzed PD‑1 and PD‑L1 in 
tumor cells and in immune cells and we correlated this 
data with patient’s survival.
Results We found that there is a tendency of de‑
creased survival and therapeutic response in DLBCL 
patients, with both an intense and weak PD‑L1 posi‑
tivity in tumor cells. PD‑1 low positivity was associ‑
ated in higher percentage with relapse and treatment 
unresponsiveness.
Conclusions Our data suggested that PD‑L1 expres‑
sion correlates with a poor clinical response although 
it is not an independent prognostic marker and PD‑1 
represents a favorable prediction factor for survival.

Keywords: diffuse large B cell lymphomas, PD‑L1, 
PD‑1, prognostic, survival, therapeutic response.
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number of PD‑1 TIL correlates with the presence of 
B‑symptoms, extra lymph node localization, bulky 
tumor masses and with lower survival compared to 
negative PD‑L1 patients. Death in lymphoid pathol‑
ogy correlated with disease progression and is more 
common in PD‑L1 positive patients, but there is no 
significant difference between mPD‑L1 positive and 
mPD‑L1 negative9.

The presence of an increased number of TILs 
PD‑1 positive is a favorable prognostic factor in pa‑
tients with DLBCL and follicular lymphomas, while 
the low number of TILs PD‑1 positive is associated 
with an increased risk of histological transforma‑
tion8,9.

In DLBCL, TILs PD‑1 positive may not reflect 
the depletion of T‑mediated tumor cells but may be 
an indicator of lymphoid cell origin. PD‑1 is highly 
expressed in the germinal center level in the T helper 
lymphocytes10.

The increased TILs PD1 count is associated with 
a good prognosis and these aspects are not influenced 
by the presence of PD‑L1 in DLBCL or non‑malig‑
nant cells in the tumor microenvironment. Patients 
with a low PD‑1 positive TIL and PD‑L1 expression 
are associated with a worse prognosis compared to 
the group of patients who have PDL1 or m PD‑L1 
negativity. DLBCL PD‑L1 positive shows a low PD‑1 
TIL. Identifying PD‑L1‑specific cell expression in 
DLBCL may have prognostic significance, but may 
also represent a therapeutic decision11.

Promising treatments for B‑cell malignancies are 
targeted therapies for B cell receptor (BCR) signal‑
ing, PD‑1 (programmed death‑1) and T‑cell chimerical 
T‑cell receptors (CAR‑T‑ cell).

However, the contribution of the tumor micro‑
environment to diffuse large B cell lymphoma, patho‑
genesis and tumor survival is not fully understood. 
The main objective of understanding tumor biology 
as well as tumor microenvironment is the improve‑
ment of diagnosis, classification, prognosis and de‑
velopment of new therapeutic strategies in hemato‑
logical malignancies.

the objectIve of the study was to describe the 
correlation between PD‑1 and PD‑L1 with survival 
in patients with diffuse large B cell lymphoma

mAteRIAl And methods

We conducted a retrospective study carried out 
over a period of 5 years, including 80 patients treat‑
ed in the Hematology Department of Coltea Clinical 
Hospital Bucharest, Romania. The histopathological 
and immunohistochemical stains were performed 
in the Department of Pathology of Coltea Clinic 

Hospital and The University Emergency Hospital 
Bucharest, Romania.

Patient material was anonymized; the study 
was approved by the Ethical Committee of Coltea 
Clinical Hospital Bucharest and was performed ac‑
cording to the Declaration of Helsinki standards. 
The mean follow up was 72 months. The inclusion 
criteria were: diagnosis of diffuse large B cell lympho‑
ma and were collected according to their morpholo‑
gy and confirmed with immunohistochemical stains 
according to the WHO 2016 classification for the 
mature lymphoid B cell tumors. We also examined 
different immunohistochemical features including 
PD‑1 and PD‑L1.

The following antibodies and staining condi‑
tions were used: CD 20 (Novocastra at a dilution 
of 1:100), CD 10 (Novocastra at a dilution of 1:60), 
MUM 1 (Novocastra at a dilution of 1:100), BCL 6 
(Novocastra at a dilution of 1:50), PD‑L1 (Biocare 
Medical CAL 10 at a dilution of 1:75), PD‑1 (Cell 
Marque 1:75).

For statistical analysis, staining results were cat‑
egorized by immunoreactivity scores (IRS) for all the 
antibodies staining intensity and percentage of pos‑
itive tumor cells were scored according to Remmele 
score9. Percentage of stained tumor cells were cate‑
gorized and had percentages as follows: CD 10 and 
BCL6 were positive when they are positive over 30%, 
MUM1 over 40%, PD‑1 was high when there were 
more than 30 cells/ 10 HPF and low when there were 
under 30 cells/ 10 HPF (Fig. 1, Fig. 2). For PD‑L1 
quantification, it was considered positive when cells 
had a membrane and/ or cytoplasm positivity less 
than 10%. These scores values were then multiplied 
by points given for staining intensity (0 was negative, 
1 weak staining and 2 intense staining) (Fig. 3, Fig. 4).

For the univariate Cox analyses, the Likelihood 
Ratio or Fisher and Mann‑Whitney were used to com‑
pare continuous and discontinuous variables. Survival 
analysis was conducted with the Kaplan‑Meier meth‑
od compared with the Log‑rank test. The p‑value < 
0.05 was interpreted as statistically significant. The 
analyses were carried out with R statistical software.

Results

Patient’s selection and clinical data
For the total cohort of 80 patients, we examined 

the morphological features and we also had estab‑
lished gene expression profile (GEP) with immuno‑
histochemical stains.

The samples were collected from 41 male pa‑
tients (51.2%) and 39 female patients (48.8%). The 
median age was 57 years with a minimum of 19 years 
and a maximum of 87 years.
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The B symptoms presence (weight loss, profuse 
sweats, and fever without infectious causes) is con‑
sidered an unfavorable prognostic factor. 44 patients 
from the cohort (55%) had B symptoms at the diagno‑
sis time; the remaining 36 patients (45%) were asymp‑
tomatic. According to the Ann Arbor classification, 
most patients (63.3%) came in with an advanced stage 
(stage III and IV), the majority being in stage IV.

More than a half of the patients in the co‑
hort (55.7%) presented at the onset International 
Prognostic Index (IPI) 2 index on the second place 
being followed by the IPI index 3 in a percentage of 

27.8%, IPI I (8.9%) and IPI 4 (5.1%), and in the last, 
the IPI index 5 in the proportion of 2.5%.

Clinical performance status (ECOG) – approx‑
imately 3 quarters (63.8%) of patients presented in 
ECOG 2, while ECOG 3 was represented in 33.8% 
of cases, the remaining 2.5% being represented 
by ECOG 4. Bulky disease was present in 25 pa‑
tients (31.3%) of total patients in the studied group, 
the remaining 55 (68.8%) did not show bulky  
disease.

According to the Hans algorithm, the classifi‑
cation of high‑grade diffuse B cell lymphoma was 

Fig. 1. PD‑1 20x positive in more than 30 cells/10HPF in 
microenvironment lymphocytes. 

Fig. 3. PDL‑1 20x tumor cells positive in more than 10%.

Fig. 2. PD‑1 40x positive in less than 30 cells/10HPF in 
microenvironment lymphocytes

Fig. 4. PDL‑1 40x tumor cells positive in more than 10%.
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represented by 33 patients diagnosed with germinal 
center (CGB) and 39 with germinal activated cell/
non‑center (non‑ CGB). The complete therapeutic 
response was recorded in 47 patients, representing 
slightly over half (58.8%), while 24 had a partially 
therapeutic response, the remaining 11.3% were 
non‑responsive. In 30% of cases (24 patients) relapse 
was recorded and in approximately three quarters 
and 56 patients, respectively, did not relapse.

Regarding overall survival (OS), in the male co‑
hort, only one death was registered while 3 deaths 
were registered in the female cohort. The average es‑
timated survival time to death was 103.52 months 
for women, and 111.50 months for men with a 95% 
confidence index. The median survival time was cal‑
culated only for men and was 103 months.

Comparison of immunohistochemical staining 
for PD-L1 and PD-1

Patients who presented increased PD‑1 were 
associated in 100% and 96.6% with PD‑L1 negative 
and respectively weak positive.

CGB was associated in increased proportion 
(60%) with the negativity of PD‑L1 in tumor cells 
and 86.2%, respectively 10.9% with weak and in‑
tense PD‑L1 positivity in tumor cells. Non‑CGB type 
was associated in 89.1%, respectively 13.8% with the 
PD‑L1 intense and poor tumor cells positivity and in 
less than 40% with the negativity of PD‑L1.

The gene profile germinal center type was asso‑
ciated in 84.4% with increased immune cells PD‑1 
positivity, while immune cells with low PD‑1 was 
associated in less than 10.6% with CGB. DLBCL 
non‑CGB type was associated in 89.4% with PD‑1 
low positivity and in 15.6% with immune cells in‑
creased positivity. As it is apparent from the analysis 
of the studied cohort, another significant statistical 
association was between clinical parameters and im‑
munohistochemical stains as follows: the absence of 
B symptoms correlates with the PD‑1 low positivity in 
immune cells, while patients who presented B symp‑
toms had increased PD‑1 expression in the immune 
cells.

The evaluation of PD‑L1 in our study showed 
the following: most patients (46), presented PD‑L1 
positivity in tumor cells, while 29 of them showed a 
PD‑L1 weak positivity in tumor cells, with an equal 
number of deaths between these variables.

Analyzing the survival curves we found that 
there is a tendency of decreased survival in patients 
with an intense and weak PD‑L1 positivity in tumor 
cells (Table 1).

Regarding the tumor microenvironment of PD‑1 
in TIL, 47 patients of the study group presented low 
positivity and 2 of them succumbed. The remaining 
32 patients showed increased positivity PD‑1 in micro‑
environment T lymphocytes. The average survival un‑
til death for the increased PD‑1 in lymphocytes from 

Table 1. Survival curves according to PDL‑1 expression
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the tumor microenvironment patients was 104,10 
months with a standard deviation of 6,249 months, 
while the median survival was 103,00 months (Table 
2, Table 3).

PD‑1 high positivity in immune cells was asso‑
ciated in 43.5% (20 patients) of cases with complete 
therapeutic response and in 16.75% (1 patient) of cas‑
es were non‑responsive, since the patients with low 
positivity, associated in 56.5% (26 patients) of cases 
complete therapeutic response and 83.3% (5 patients) 
were non‑responsive.

Regarding therapeutic response in patients with 
negative PD‑L1 in tumor cells, 6.4% presented a com‑
plete therapeutic response and only 4.2% partially 
therapeutic response and any of them was non‑re‑
sponsive.

Most patients who had PD‑L1 high positivity 
in tumor cells, (83.3%) were non‑responsive, 62.5% 
had a partial therapeutic response and fewer than 
half (53.2%) presented with a complete therapeutic 
response.

The weak positivity of PD‑L1 in tumor cells was 
associated in a high percentage (40.4%) with a full 
therapeutic response, 33.3% with a partial therapeutic 
response and the fewest (16.7%) were non‑responsive.

The relapse had been registered in CGB pa‑
tients in 27.3% while non‑CGB experienced relapse 
in 31.9% of cases.

Patients who had intense and low tumor cells 
PD‑L1 positivity relapsed in 32.6% and 24.1%, re‑
spectively, while patients who had tumor cells PD‑L1 
negativity had presented relapse in 40% of cases. 
Patients who presented an increased PD‑1 percentage 

in immune cells had associated in 28.1% of cases 
with relapse, while patients with low tumor micro‑
environment PD‑1 had associated in 31.9% of cases 
with relapse.

dIscussIon

In the study cohort, men were dominant 
(51.2%), with men/women ratio of 1.05/1, similar to 
literature data, in which a mild predominance of men 
compared to women is mentioned12. The patients’ age 
analysis at the time of diagnosis showed a negative 
distribution, indicating more than 50% of patients 
older than the median age (57 years). Compared to 
the literature, in which most patients are diagnosed 
in the 7th or 8th decade, we found a mean age of 57 
years in our study. The literature data demonstrate 
that the age at diagnosis can predict the clinical out‑
come13‑15.

The B signs were positive in 55% of patients, 
compared with data from the literature in which a 
percentage of 40% of patients had B symptoms re‑
ported. The presence of B symptoms, according to 
the literature, is an independent negative prognostic 
factor for overall survival, predisposing to the failure 
of the therapy, decreasing the chances of a complete 
response. Analyzing the survival curves depending on 
the disease stage, a statistically significant decrease 
is observed for the advanced disease group, with 4 
death events recorded during the first 18 months and 
increased frequency of relapse.

Prognostic factors for patients with aggressive 
lymphomas are very important because they are nec‑
essary for selecting patients who have increased re‑
currence risk, being candidates from the beginning 
to a more intensive therapy16‑19. Analyzing surviv‑
al data, there were 3 deaths and a decrease in sur‑
vival in the first 6 months of diagnosis in patients 
enrolled in the activated cell subtype and only one 
death in DLBCL‑type germline patients. Literature 
studies have shown that patients with DLBCL CGB 
type have a better prognosis after the introduction 
of Rituximab.

Table 2. Survival according to PD‑1 expression
Case Processing Summary

PD 1 Total N N of Events
Censored

N Percent
High 32 2 30 93.8%

Low 47 2 45 95.7%

Overall 79 4 75 94.9%

Table 3. Overall survival according to PD‑1 expression
Means and Medians for Survival Time

PD 1

Meana Median

Estimate Std. Error
95% Confidence Interval

Estimate Std. Error
95% Confidence Interval

Lower Bound Upper Bound Lower Bound Upper Bound

High 104.100 6.249 91.851 116.349 103.000 . . .

Low 113.785 4.290 105.376 122.194 . . . .

Overall 108.687 5.416 98.072 119.303 . . . .
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Tumor cells or immune cells PD‑1 and PD‑L1 
expression is a valuable parameter in the prediction 
of PD‑1/ PD‑L1 immunotherapy responsiveness. In 
our case, PD‑1 has been extensively expressed in im‑
mune cells and PD‑L1 has been extensively expressed 
in tumor cells suggesting that the PD‑1/ PD‑L1 path‑
way may be useful in some patients with DLBCL. 
According to the literature studies, Dohee concluded 
that increased expression of PD‑1 reflects an active 
immune response, with favorable survival rate20‑23.

Cox analysis has demonstrated PD‑1 as a prog‑
nostic marker favoring overall survival (OS). Kyasu 
et al suggested that PD‑L1 expression correlates with 
a poor clinical response although it is not an inde‑
pendent prognostic marker, suggesting that target 
treatment with PD‑L1 might be beneficial for some 
patients with DLBCL. PD‑1 is a favorable surviv‑
al prediction factor and is an independent DLBCL 
prognostic marker, and PD‑L1 is associated with poor 
prognosis10.

conclusIons

The present study suggests that PD‑1 or PD‑L1 
could be potential biomarkers for targeted treatment 
in some patients diagnosed with DLBCL. Also, we 
could prove an association between an increased per‑
centage of PD‑L1 intense positive with the non‑CGB 
type which, once again, gives an unfavorable progno‑
sis; the CGB profile has been associated with a high 
percentage of elevated PD‑1 in immune cells, which 
gives the latter a favorable prognosis, according to 
literature data.
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