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Tumour cell PD-L1 expression 
is prognostic in patients with 
malignant pleural effusion: the 
impact of C-reactive protein and 
immune-checkpoint inhibition
Bahil Ghanim1,2, Anna Rosenmayr1, Paul Stockhammer3,4, Melanie Vogl1,2, Ali Celik5, 
Aynur Bas5, Ismail Cuneyt Kurul5, Nalan Akyurek6, Alexander Varga7, Till Plönes3, 
Agnes Bankfalvi8, Thomas Hager8, Martin Schuler9, Klaus Hackner10, Peter Errhalt10, 
Axel Scheed1,2, Gernot Seebacher1,2, Balazs Hegedus3, Elisabeth Stubenberger1,2,11* & 
Clemens Aigner3,11*

Malignant pleural effusion (MPE) confers dismal prognosis and has limited treatment options. While 
immune-checkpoint inhibition (ICI) proved clinical efficacy in a variety of malignancies, data on the 
prognostic role of PD-L1 in MPE is scarce. We retrospectively studied PD-L1 tumour proportion score 
and Ki-67 index in pleural biopsies or cytologies from 123 patients (69 lung cancer, 25 mesothelioma, 
and 29 extrathoracic primary malignancies). Additionally, the impact of C-reactive protein (CRP) and 
platelet count was also analysed. Median overall survival (OS) after MPE diagnosis was 9 months. 
Patients with PD-L1 positive tumours (≥1%) had significantly shorter OS than patients with negative 
PD-L1 status (p = 0.031). CRP and Ki-67 index were also prognostic and remained independent 
prognosticators after multivariate analysis. Interestingly, Ki-67 index and CRP influenced the prognostic 
power of PD-L1. Finally, patients receiving ICI tended to have a longer median OS and CRP - but not 
PD-L1 - was a significant prognosticator in this subgroup. In summary, histological and circulating 
biomarkers should also be taken into account as potential biomarkers in ICI therapy and they may have 
an impact on the prognostic power of PD-L1. Our findings might help personalizing immune-checkpoint 
inhibition for patients with MPE and warrant further prospective validation.

Malignant pleural effusion (MPE) is characterized by devastating outcome ranging from 3 to 12 months median 
overall survival (OS) after diagnosis1. MPE is diagnosed by cytology of the pleural fluid and/or by histological 
examination of pleural biopsy identifying pleural carcinosis. The incidence of MPE is expected to increase in 
parallel with the general rise in global cancer incidence since about 15% of all cancer patients ultimately develop 
MPE2. Emerging data on prognostic markers including systemic inflammatory related biomarkers (alone and as 
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part of prognostic scores) have been recently published, validated and discussed to better adapt treatment regi-
mens with respect to quality of life and life expectancy in this special cohort of patients with advanced tumours3–7.

In recent years, the pivotal role of the immune system in advanced malignant disease was demonstrated and 
promising clinical results emerged using immune-checkpoint inhibition in a variety of malignancies8–11. Thus, the 
programmed death ligand 1 (PD-L1) pathway as stereotype of an immune modulating target was also analysed in 
stage IV lung cancer patients affected by MPE12,13 and in malignant pleural mesothelioma14.

However, the crosstalk between the tumour and the circulating compartments of the immune system in 
malignant disease in general and the immuno-oncological mechanisms - including the role of PD-L1 tumour 
expression - associated with dismal outcome in MPE patients in particular are still incompletely understood. 
In addition, the immune checkpoint inhibition (ICI) still needs to be developed to a more personalized level in 
oncology11. Thus, we aimed to analyse the prognostic role of tumour PD-L1 expression and routinely available 
pathological and clinical biomarkers including Ki-67 index and circulating C-reactive protein (CRP) levels in 
patients diagnosed with MPE. Furthermore, we correlated circulating CRP levels with Ki-67 and PD-L1 expres-
sion in order to better understand the altered immune mechanisms in advanced oncological patients with pleural 
dissemination.

Results
Association of PD-L1 expression with clinicopathological parameters. In total 123 patients (53 
female, 70 male, mean age: 66.8 ± 12.2, range: 25–91 years) were analysed. Ninety-four patients (76.4%) had tho-
racic primary malignancies (69 lung cancer (56.1%) and 25 mesothelioma (20.3%)), whereas 29 patients (23.6%) 
had pleural metastases of extrathoracic primary tumours. The major baseline patient characteristics including 
effusion management and immune-checkpoint therapy are demonstrated in Table 1.

When using PD-L1 expression of ≥1% as cut-off, 63 patients (51.2%) were allocated to the PD-L1 negative 
and 60 patients (48.8%) to the PD-L1 positive group. Among the PD-L1 positive cases, mean percentage of pos-
itive tumour cells was 33.6 (±36.1). Figure 1 demonstrates a low PD-L1 expressing tumour sample opposed to 
a high positive PD-L1 tumour specimen. PD-L1 expression was not significantly associated with the baseline 
patient characteristics. Only the presence of other extrathoracic metastases (i.e. metastases besides malignant 
effusion) showed a non-significant tendency towards more PD-L1 positive cases (p = 0.07). No differences where 
seen in CRP level and in platelet count. All patient characteristics dichotomized by PD-L1 status are demon-
strated in Table 2.

Number (%)

age
≤67 years 59 (48.0)

>67 years 64 (52.0)

gender
female 53 (43.1)

male 70 (56.9)

primary

lung 69 (56.1)

mesothelioma 25 (20.3)

breast 9 (7.3)

GIT 7 (5.7)

UGT 5 (4.1)

Head & Neck 3 (2.4)

GYN 3 (2.4)

CUP 2 (1.6)

extrathoracic metastases
present 51 (41.5)

absent 72 (58.5)

effusion management

thoracentesis 12 (9.8)

chest tube 9 (7.3)

indwelling chest tube 43 (35)

talc pleurodesis 22 (17.9)

pericardial drain/puncture 2 (1.6)

VATS evacuation 35 (28.5)

immune-therapy none 100 (83.3)

after MPE diagnosis yes 20 (16.7)

(NA = 3)

- lung 16

- mesothelioma 2

- UGT 1

- Head & Neck 1

Table 1. Patients characteristics of the whole study cohort (n = 123). Abbreviations: GIT – gastrointestinal 
malignancy; UGT – urogenital tract malignancy; GYN – gynecological malignancy; CUP – cancer of unknown 
primary origin; VATS - video assisted thoracic surgery; MPE - malignant pleural effusion.
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Furthermore, Ki-67 index was associated with CRP (21 patients with low CRP (<3.8 mg/dl) and high Ki-67 
(≥35) vs. 31 patients with high CRP (≥3.8 mg/dl) and high Ki-67, Fisher’s exact test: p < 0.01) but not with 
the other patient and tumour characteristics (platelet count, PD-L1 positivity, presence of extrathoracic disease 
and extrathoracic primary tumour). Of note, patients with other metastases besides MPE had a significantly 
higher mean platelet count when compared to patients with disease limited to the chest (390.9 ± 178.0 G/L vs. 
317.6 ± 93.7 G/L, p < 0.01).

The prognostic impact of PD-L1, Ki-67 index and other patient characteristics. Median OS after 
MPE diagnosis was 9 months. Regarding the clinical baseline characteristics, the presence of other extrathoracic 
metastases at time of diagnosis was associated with worse outcome (hazard ratio (HR) 1.882, 95% confidence 
interval (CI) 1.246–2.841, p = 0.003, Fig. 2A). On the other hand, extrathoracic primary tumours metastatic to 
the pleura showed shorter survival time than thoracic primary tumours with pleural involvement (HR 1.605, CI 
1.007–2.556, p = 0.047, Fig. 2B).

With regard to the systemic inflammatory parameters, most patients (87.8%) had elevated CRP levels 
(CRP > 0.5 mg/dl) at time of diagnosis. Furthermore, high CRP (≥3.8 mg/dL) was associated with worse outcome 
(CRP ≥ 3.8 mg/dL: HR 2.288, CI 1.505–3.478, p < 0.001, Fig. 2C). In addition, elevated platelet count (≥400 G/L) 
was also significantly associated with worse outcome after MPE diagnosis (platelets ≥400 G/L: HR 1.877, CI 
1.206–2.923, p < 0.005, Fig. 2D).

Importantly, PD-L1 tumour expression was identified as prognostic biomarker in patients with MPE. Patients 
with PD-L1 positive tumours (≥1%) had worse survival when compared to patient with PD-L1 negative (<1%) 
tumours (HR 1.581 CI 1.043–2.396, p = 0.031, Fig. 2E). Furthermore, PD-L1 tumour expression remained a 
significant prognostic factor using 50% TPS as cut-off (HR 2.01 CI 1.03–3.90, p = 0.04; Supplementary Fig. 1A). 
Additionally, we found that the proportion of proliferating tumour cells - reflected by Ki-67 expression in tumour 
tissue - was a prognostic marker. Accordingly, patients with high Ki-67 tumour expression (≥35%) survived sig-
nificantly shorter than those with low Ki-67 expression (HR 2.465, CI 1.513–4.016, p < 0.001, Fig. 2F). Of note, 
Ki67 was prognostic using 14% and 20% cut-offs (p = 0.018 and p < 0.001, respectively). Age (dichotomized by 
median age, p = 0.841) and gender (p = 0.981) were not significantly associated with overall survival after MPE 
diagnosis in univariate analyses. Univariate OS analysis is shown in Table 3.

Multivariate and exploratory subgroup survival analyses. After showing the univariate prognos-
tic value of PD-L1, we furthermore analysed if the prognostic value of PD-L1 is independent from the other 

Figure 1. Ki-67 and PD-L1 immunohistochemistry. (A,B) Malignant pleural mesothelioma specimens 
with low (<35%) and high (≥35%) Ki-67 index. (C,D) Low and high tumour cell specific PD-L1 labelling in 
specimens of lung cancer pleural carcinosis. Scale bars are 100 µm.
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characteristics. In this regard, PD-L1 expression proved to be an independent prognostic marker in our patient 
cohort (PD-L1 ≥ 1%: HR 1.637 CI 1.004–2.674, p = 0.048). Of note, PD-L1 with 50% as cut-off did not reach 
statistical significance in the multivariate analysis (p = 0.153, HR 1.603 CI 0.84–3.061). In addition, the presence 
of extrathoracic metastases, high CRP and high Ki-67 were independent prognosticators associated with poor 
survival as demonstrated in the right column of Table 3. Interestingly, a significant interaction between CRP 
and PD-L1 was found in the aforementioned Cox regression model. Accordingly, the corresponding subgroup 
analyses showed a significant inferior OS of patients with positive PD-L1 tumour status and high CRP as shown 
in Fig. 3. Besides CRP, no significant interaction was found between PD-L1 and the other characteristics of our 
multivariate analyses.

Next, we analysed if patients treated with immune-checkpoint inhibitors (ICI) had a different overall survival 
(Fig. 4A). Patients receiving ICI treatment had a median overall survival of 12 months compared to 7 months in 
patients without ICI (Mantel-Cox p = 0.309, Gehan-Breslow-Wilcoxon p = 0.051). In our exploratory subgroup 
analysis, PD-L1 (1% TPS cut-off), CRP, and Ki-67 remained prognostic in patients without immune-checkpoint 
inhibition (Fig. 4B–D, p = 0.013, p < 0.0001 and p = 0.0004, respectively). However, PD-L1 and Ki-67 were no 
significant prognosticators in the subgroup of patients with ICI treatment (p = 0.634 and p = 0.81, respectively). 
Nevertheless, high CRP remained a significant prognostic factor in the ICI treated subgroup as well (p = 0.047). 
Survival data for PD-L1 with 50% TPS cut-off and ICI therapy is shown in Supplementary Fig. 1B.

Discussion
In the current study, we comprehensively analysed the prognostic value of PD-L1 in patients suffering from MPE. 
For the first time we demonstrated a significant interaction of circulating CRP with tumour cell specific PD-L1 
expression indicating that the prognostic value of PD-L1 might be influenced by CRP. In addition, Ki-67 index 
was an independent prognostic parameter also significantly interacting with ICI therapy in MPE. These results 
highlight the important prognostic and potentially predictive role of Ki-67 and PD-L1 expression in tumour 
tissue and of CRP as a circulating systemic inflammation related parameter.

Previously, we demonstrated that an activated innate immune response (reflected by elevated CRP15, high 
fibrinogen16, and an altered NLR17 and complement system18) represents a negative prognostic factor in malig-
nant pleural mesothelioma. Also various other thoracic malignancies including epithelial thymic tumours19,20, 
solitary fibrous tumour of the pleura21 and metastatic colorectal carcinoma affecting the lung22 showed similar 
associations. However, the role of the immune system and its related biomarkers beyond the simple prognostic 
power remains to be elucidated. The underlying biological and immunological mechanisms driving cancer pro-
gression and finally leading to poor patient outcome deserve further research.

Interestingly, CRP - as a stereotypic inflammation-related biomarker – proved its independent prognostic 
power in our cohort of advanced stage patients characterized by pleural dissemination. Similar to previous find-
ings from other groups7, we showed that CRP and platelet count were significantly associated with outcome after 

Characteristic
PD-L1 positive  
(≥1% of tumour cells)

PD-L1 negative  
(<1% of tumour cells) p-value

mean age in years 
(±SD) 67.1 (±11.7) 66.6 (±12.8) 0.88*

primary

lung 35 34

NA

mesothelioma 13 12

breast 1 8

GIT 1 6

UGT 4 1

Head & Neck 2 1

GYN 2 1

CUP 2 0

gender
female 25 28

0.86#

male 35 35

extrathoracic present 30 21
0.07#

metastases absent 30 42

smoking never smoker 19 16
0.99#

(NA = 26) ever smoker 35 27

CRP <3.8 26 35
0.21#

[mg/dL] ≥3.8 34 28

platelets (±SD) [G/L] 366.1 (±151.9) 330.9 (±125.0) 0.12*

Ki67% positive tumour cells (±SD) 
(NA = 23) 41.9 (±25.7) 41.5 (±29.0) 0.99*

Table 2. Patients characteristics according to PD-L1 status (n = 123). Abbreviations: GIT – gastrointestinal 
malignancy; UGT – urogenital tract malignancy; GYN – gynecological malignancy; CUP – cancer of unknown 
primary origin; CRP - C-reactive protein; #Fisher’s exact test; *Mann Whitney U test.
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diagnosis of MPE thus again supporting the theory that an activated innate immune system might translate to 
poor survival in malignant diseases. In addition, a prognostic value of CRP – as part of a score and alone - in 
patients receiving ICI therapy was suggested for lung cancer patients before23,24.

Besides investigating inflammation related biomarkers, we showed that a high proportion of proliferating 
tumour cells - reflected by Ki-67 expression - associates with shorter OS in MPE. These findings are in line with 
our previous study in malignant pleural mesothelioma17,25 but also with other studies analysing more prevalent 
solid tumours like lung26 and breast27 cancer – both primary tumours that are also represented in our cohort.

Furthermore, Ki-67 tumour expression was significantly correlating with blood CRP levels at diagnosis of 
MPE suggesting that tumours with high proliferation rate may be more likely to cause an acute phase response (as 
reflected by CRP). This is in line with our earlier study in MPM17. However, these findings are – to the best of our 

Figure 2. Prognostic factors in patients with MPE. Kaplan-Meier survival curves of MPE patients 
dichotomized by different clinicopathological characteristics. (A) MPE patients with extrathoracic metastases 
present at the time of MPE diagnosis showed a significantly shorter survival than patients without extrathoracic 
metastases (HR 1.882, CI 1.246–2.841, p = 0.003). (B) MPE patients with extrathoracic primary tumours had 
significantly worse survival than patients with thoracic primary tumours (HR 1.605, CI 1.007–2.556, p = 0.047). 
(C,D) Also CRP levels ≥3.8 mg/dL and elevated platelet counts (≥400 G/L) in MPE patients were significantly 
associated with shorter survival (CRP: HR 2.288, CI 1.505–3.478, p < 0.001; platelet count: HR 1.877, CI 1.206–
2.923, p < 0.005). (E) MPE patients with a PD-L1 tumour proportion score (TPS) ≥ 1% had significantly shorter 
survival than patients with very low or no PD-L1 expression (HR 1.581, CI 1.043–2.396, p = 0.031). (F) MPE 
patients with high Ki-67 index (≥35%) survived significantly shorter than the patient group with low Ki-67 
index (HR 2.465, CI 1.513–4.016, p < 0.001).
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knowledge – novel for pleural carcinosis patients and warrant further validation in prospective studies focusing 
on distinct malignant diseases.

With regard to the adaptive immune system, its modulation and re-activation by targeting PD-1 or PD-L1 
showed promising clinical results in various cancer types including lung cancer8,10, which also accounted for 
most of MPE cases in the present study (56.1%) and in literature1. Of note, the presence of MPE in lung cancer 
patients receiving ICI therapy was described as negative prognostic factor13. Furthermore, PD-L1 expression was 
described as prognostic factor in various solid tumours as summarized in a recent meta-analysis28. Nevertheless, 
very few studies analysed the prognostic impact of PD-L1 in patients with MPE29. In line with these findings, 
we showed that MPE patients with tumour cell specific PD-L1 expression (≥1%) survived significantly shorter 
than patients with negative PD-L1 status thus suggesting that indeed PD-L1 expression is associated with a more 
aggressive biological subtype of malignant disease resulting in poor patient survival. This theory is also supported 
by the fact that multivariate analyses revealed the independent prognostic power of PD-L1 in MPE besides Ki-67 
index, extrathoracic metastases and high CRP level at MPE diagnosis.

Most interestingly, the aforementioned prognostic impact of PD-L1 was interacting with CRP potentially sug-
gesting that – besides the suppression of the adaptive immune system – a systemic acute phase response worsens 
outcome in MPE patients with PD-L1 positive tumours. To the best of our knowledge, this is the first demonstra-
tion of this kind of interaction of CRP and PD-L1 expression.

Of note, patients with extrathoracic metastases had significantly higher (p < 0.01) platelet count when com-
pared to patients presenting with disease restricted to the chest only, indicating that platelets might support 
systemic metastatic processes as previously demonstrated and summarized30–32. Concerning CRP and Ki67, 
we found no association with the presence of extrathoracic metastasis (p = 1.0 and p = 0.44, respectively). 
Nevertheless, PD-L1 positivity (as defined by ≥1%) tended to associate with extrathoracic metastases (p = 0.07). 
In patients presenting with MPE the further management will depend on prognosis on the one hand and available 
appropriate therapeutic options on the other hand7.

Figure 3. The impact of Ki-67 index and CRP levels on the prognostic power of PD-L1 status. (A) Kaplan-
Meier survival curves of MPE patients grouped by Ki-67 index (35% cut-off) and PD-L1 tumour proportion 
score (TPS). In the low Ki-67 index subcohort, PD-L1 positive tumours tended to associate with shorter overall 
survival (p = 0.075). In PD-L1 negative tumours, Ki-67 index remained a significant prognosticator (p = 0.002), 
while in the PD-L1 positive cases we identified a strong tendency for shorter overall survival of patients with 
high Ki-67 index (p = 0.064). (B) Kaplan-Meier survival curves of MPE patients grouped by CRP levels (3.8 mg/
dL as cut-off) and PD-L1 tumour proportion score (TPS). PD-L1 remained a significant prognostic factor only 
in the high CRP group (p = 0.003) while completely lost its impact on overall survival in the low CRP group 
(p = 0.9). CRP was a very strong prognosticator (p < 0.0001) in PD-L1 positive tumours while its prognostic 
power diminished in PD-L1 negative tumours (p = 0.21).

characteristic

univariate multivariate

HR CI p-value HR CI p-value

extrathoracic metastases 
present 1.882 1.246–2.841 0.003 2.066 1.229–3.472 0.006

extrathoracic primary 1.605 1.007–2.556 0.047 1.289 0.724–2.262 0.397

CRP ≥ 3.8 mg/mL 2.288 1.505–3.478 <0.001 2.165 1.238–3.788 0.007

platelets ≥400 G/L 1.877 1.206–2.923 0.005 1.305 0.763–2.232 0.330

PD-L1 TPS ≥ 1% 1.581 1.043–2.396 0.031 1.637 1.004–2.674 0.048

Ki67 ≥ 35% 2.465 1.513–4.016 <0.001 1.761 1.036–2.985 0.036

Table 3. Prognostic parameters. Abbreviations: CI – confidence interval, C-reactive protein – CRP, HR – 
hazard ratio, TPS – tumour proportion score.
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The roles of tumour or immune cell specific PD-L1 expression as well as the establishment of the clinically 
relevant cut-offs are still under investigation. Since a number of our specimens were cytology preparations from 
pleural effusions we could not use immune cell specific or combined scores. With regard to PD-L1, the threshold 
of 1% and 50% is the most frequently used in recent major lung cancer studies33–35. In our study, the 1% cut-off 
was a significant prognosticator in both, univariate and multivariate analysis. The 50% threshold for PD-L1 was 
prognostic in univariate but not in multivariate analyses. One explanation might be the relatively low number of 
patients with >50% PD-L1 expression and with complete data for multivariate analyses (n = 16).

One important limitation of our study is that due to the limited amount of material available for analysis the 
issue of intratumoural heterogeneity regarding PD-L1 expression cannot be addressed. Recent studies suggest that 
one small biopsy sample might not be sufficient to represent the tumours PD-L1 status in primary lung cancer36–38.

Finally, the retrospective nature of the study results in inherent limitations. ICI was administered to the 
patient according to the physician´s choice which was probably influenced by the clinical status of the patient. 
Furthermore, the number of patients receiving immune-checkpoint inhibitors after MPE diagnosis was relatively 
low (n = 20). Thus, the treatment efficacy of ICI therapy in MPE and the hypothesis that the negative prognostic 
effect of a positive PD-L1 status or high Ki-67 index is influenced by therapy can only be validated in a prospec-
tive setting. Nevertheless, our retrospective multicentre study gives first hints and can serve as basis for follow-up 
studies to validate our novel retrospective observations.

In summary, we showed for the first time the independent prognostic role of both Ki-67 index and tumour cell 
specific PD-L1 expression in patients with MPE. Furthermore, we found that CRP, Ki-67 index and PD-L1 expres-
sion might impact ICI therapy outcome warranting further investigation as potential predictive biomarkers.

Methods
Patients. A retrospective international multicentre analysis was performed after approval of the correspond-
ing local ethic committees. The study was conducted according to the Declaration of Helsinki. All patients suf-
fered from MPE proven either by pleural cytology and/or by biopsy. For PD-L1 staining 32 cytology and 91 
biopsy cases were analysed. In Austria, all consecutive 58 patients with complete follow-up and available tumour 

Figure 4. Immune checkpoint inhibitor therapy and overall survival after MPE diagnosis. (A) Kaplan-Meier 
survival curve of MPE patients dichotomized by immune checkpoint inhibition (ICI) treatment after MPE 
diagnosis showed a trend for shorter survival for patients without subsequent ICI therapy (HR 1.297, CI 
0.786–2.139, p = 0.051). (B) Kaplan-Meier survival curves of MPE patients grouped by ICI treatment and 
PD-L1 tumour proportion score (TPS). PD-L1 expression was prognostic in the subgroup of patients without 
subsequent ICI therapy (HR 1.879, CI 1.145–3.085, p = 0.013). (C) Kaplan-Meier survival curves of MPE 
patients grouped by ICI treatment and CRP levels. CRP levels were prognostic in both subgroups of patients 
with or without subsequent ICI therapy (no ICI: HR 2.341, CI 1.457–3.762, p = 0.004; ICI: HR 3.044, CI 1.016–
9.120, p = 0.047). (D) Kaplan-Meier survival curves of MPE patients grouped by ICI treatment and Ki-67 index. 
Ki-67 expression was prognostic in the subgroup of patients without subsequent ICI therapy (HR 3.168, CI 
1.809–5.548, p < 0.0001).
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PD-L1 status at time of MPE diagnosis presenting to the University Hospital Krems from 01/2015 to 09/2017 
were included. The 42 patients from Germany were diagnosed between 08/2016 and 05/2018 by the University 
Medicine Essen – Ruhrlandklinik. Furthermore, 23 patients diagnosed between 04/2013 and 11/2018 were con-
tributed by the Gazi University School of Medicine, Ankara, Turkey.

Cytology specimens were generally obtained from 20 ml pleural fluid, the lowest amount of pleural effusion 
was 2 ml. For Ki67 and PD-L1 evaluation a minimum of hundred tumour cells were reviewed. All patient sam-
ples (either pleural carcinosis or pleural fluid tumour cells) tested during this period were stained by the PD-L1 
antibody (clone SP263, Ventana, Roche Diagnostics) and scored by the local Departments of Pathology during 
routine diagnostic workup. Of note, a recent study demonstrated a high correlation and concordance between 
histology specimen and matched pleural fluid based PD-L1 evaluation in lung adenocarcinoma39. Tumour cell 
specific PD-L1 staining was provided as percentage of total tumour cells. Patients were dichotomized to the 
PD-L1 positive and negative group according to 1% PD-L1 positive tumour cells as cut-off. Ki-67 staining and 
scoring was performed in a similar way by the corresponding local Departments of Pathology. The median per-
centage of Ki-67 positive tumour cells was 35, which was used for dichotomization into high and low Ki-67 index 
groups.

With regard to the inflammatory parameters, only 15 patients had – according to the clinical cut-off of 0.5 mg/
dl – normal C-reactive protein (CRP) values. Thus, we used the median CRP value of 3.8 mg/dl to dichotomize 
into high and low CRP groups. With regard to the platelet count the clinical cut-off was used (400 G/L).

Ethical approvals were granted by the corresponding local ethics committees. The Austrian study part was 
approved by the Kommission für Scientific Integrity und Ethik under the project title “Systemic inflammatory 
parameters and the programmed death-ligand 1 (PD-L1) pathway in patients suffering from malignant pleural/
pericardial effusion – an exploratory single center pilot study”. In Germany the research plan was approved by 
the ethic committee of the Medizinische Fakultät der Universität Duisburg-Essen under the titles “Prognostische 
Faktoren bei Lungenkrebspatienten mit malignen Pleuraergüssen (17–7797-BO)” and “Die Rolle von transform-
ing growth factor (TGF)-beta in der Progression des Pleuramesothelioms – eine detailierte Analyse von malignen 
Pleuraergüssen (17–7773-BO)“. The ethic committee of the Gazi University approved the Turkish part under the 
project title “Malign plevral/perikardiyal Efüzyonlu Hastalarda Sistemik İnflamatuvar Parametreler ve PD-L1 
yolu”. The whole study was performed in accordance with the Declaration of Helsinki. Since this study was based 
on retrospective analysis of pseudonymized data, the requirement of obtaining informed consent was waived by 
the Kommission für Scientific Integrity und Ethik of the Karl Landsteiner Private University.

Statistical analyses. GraphPad Prism 5.0 and IBM SPSS Statistics 24 were used for all statistical analyses. 
In all analyses, p-values below 0.05 were considered significant. Fisher’s exact test was utilized to identify sig-
nificant differences between two categorical characteristics. Mann-Whitney test was used to compare metric 
data between two groups. For all survival analyses, overall survival (OS) is shown. OS is calculated between 
the day of MPE diagnosis and date of death or date of last follow up (censored cases). Kaplan-Meier survival 
curves were used to illustrate survival time and demonstrate differences between two or more groups. Log-rank 
test (unless otherwise stated) was performed to detect significant differences with regard to OS between two or 
more groups. Furthermore, Cox regression model was used to analyse the impact of different characteristics on 
patients’ outcome and to calculate the corresponding hazard ratios (HR) and confidence intervals (CI) in uni- and 
multivariate survival analyses. For multivariate survival analyses, the patient characteristics of univariate impact 
were included as following: presence of extrathoracic metastases, CRP (dichotomized by median CRP (3.8 mg/
dl) level), platelet count (dichotomized by 400 G/L), PD-L1 (dichotomized by one percent positive tumour cells 
as a clinically often used cut-off as well as closest to the median PD-L1 expression) and Ki-67 tumour expression 
(dichotomized by the median 35%). For both markers, median values were chosen as thresholds to achieve suffi-
cient patient numbers in the low and high groups for comparison.

For investigating potential interactions between ICI and the other parameters, we added the characteristic 
ICI therapy after MPE diagnosis to the aforementioned Cox regression model and calculated the corresponding 
interaction terms between ICI therapy and the other variables. In these types of analyses, we tested PD-L1 at two 
cut-offs, first at one percent than at 50% positive tumour cells.

Data availability
Upon reasonable request all data and material is available from the corresponding authors.

Received: 13 December 2019; Accepted: 19 March 2020;
Published: xx xx xxxx

References
 1. Roberts, M. E. et al. Management of a malignant pleural effusion: British Thoracic Society Pleural Disease Guideline 2010. Thorax 

65(Suppl 2), ii32–40, https://doi.org/10.1136/thx.2010.136994 (2010).
 2. Bibby, A. C. et al. ERS/EACTS statement on the management of malignant pleural effusions. Eur J Cardiothorac Surg, https://doi.

org/10.1093/ejcts/ezy258 (2018).
 3. Psallidas, I. et al. Development and validation of response markers to predict survival and pleurodesis success in patients with 

malignant pleural effusion (PROMISE): a multicohort analysis. Lancet Oncol. 19, 930–939, https://doi.org/10.1016/S1470-
2045(18)30294-8 (2018).

 4. Clive, A. O. et al. Predicting survival in malignant pleural effusion: development and validation of the LENT prognostic score. 
Thorax 69, 1098–1104, https://doi.org/10.1136/thoraxjnl-2014-205285 (2014).

 5. Lim, J. U. et al. Prognostic value of platelet count and lymphocyte to monocyte ratio combination in stage IV non-small cell lung 
cancer with malignant pleural effusion. PLoS One 13, e0200341, https://doi.org/10.1371/journal.pone.0200341 (2018).

https://doi.org/10.1038/s41598-020-62813-2
https://doi.org/10.1136/thx.2010.136994
https://doi.org/10.1093/ejcts/ezy258
https://doi.org/10.1093/ejcts/ezy258
https://doi.org/10.1016/S1470-2045(18)30294-8
https://doi.org/10.1016/S1470-2045(18)30294-8
https://doi.org/10.1136/thoraxjnl-2014-205285
https://doi.org/10.1371/journal.pone.0200341


9Scientific RepoRtS |         (2020) 10:5784  | https://doi.org/10.1038/s41598-020-62813-2

www.nature.com/scientificreportswww.nature.com/scientificreports/

 6. Kasapoglu, U. S. et al. Prognostic factors affecting survival in non-small cell lung carcinoma patients with malignant pleural 
effusions. Clin. Respir. J. 10, 791–799, https://doi.org/10.1111/crj.12292 (2016).

 7. Bibby, A. C. et al. ERS/EACTS statement on the management of malignant pleural effusions. Eur Respir J 52, https://doi.
org/10.1183/13993003.00349-2018 (2018).

 8. Borghaei, H. et al. Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer. N. Engl. J. Med. 373, 
1627–1639, https://doi.org/10.1056/NEJMoa1507643 (2015).

 9. Couzin-Frankel, J. Breakthrough of the year 2013. Cancer immunotherapy. Sci. 342, 1432–1433, https://doi.org/10.1126/
science.342.6165.1432 (2013).

 10. Zielinski, C., Knapp, S., Mascaux, C. & Hirsch, F. Rationale for targeting the immune system through checkpoint molecule blockade 
in the treatment of non-small-cell lung cancer. Ann. Oncol. 24, 1170–1179, https://doi.org/10.1093/annonc/mds647 (2013).

 11. Halama, N. The next age of immunotherapy: optimisation, stratification and therapeutic synergies. Br. J. Cancer 120, 1–2, https://
doi.org/10.1038/s41416-018-0330-4 (2019).

 12. Tseng, Y. H. et al. PD-L1 Expression of Tumor Cells, Macrophages, and Immune Cells in Non-Small Cell Lung Cancer Patients with 
Malignant Pleural Effusion. J. Thorac. Oncol. 13, 447–453, https://doi.org/10.1016/j.jtho.2017.10.034 (2018).

 13. Shibaki, R. et al. Malignant pleural effusion as a predictor of the efficacy of anti-PD-1 antibody in patients with non-small cell lung 
cancer. Thorac. Cancer 10, 815–822, https://doi.org/10.1111/1759-7714.13004 (2019).

 14. Metaxas, Y. et al. Pembrolizumab as Palliative Immunotherapy in Malignant Pleural Mesothelioma. J. Thorac. Oncol. 13, 1784–1791, 
https://doi.org/10.1016/j.jtho.2018.08.007 (2018).

 15. Ghanim, B. et al. Pretreatment serum C-reactive protein levels predict benefit from multimodality treatment including radical 
surgery in malignant pleural mesothelioma: a retrospective multicenter analysis. Ann. Surg. 256, 357–362, https://doi.org/10.1097/
SLA.0b013e3182602af4 (2012).

 16. Ghanim, B. et al. Circulating fibrinogen is a prognostic and predictive biomarker in malignant pleural mesothelioma. Br. J. Cancer 
110, 984–990, https://doi.org/10.1038/bjc.2013.815 (2014).

 17. Ghanim, B. et al. Ki67 index is an independent prognostic factor in epithelioid but not in non-epithelioid malignant pleural 
mesothelioma: a multicenter study. Br. J. Cancer 112, 783–792, https://doi.org/10.1038/bjc.2015.9 (2015).

 18. Klikovits, T. et al. Circulating complement component 4d (C4d) correlates with tumor volume, chemotherapeutic response and 
survival in patients with malignant pleural mesothelioma. Sci. Rep. 7, 16456, https://doi.org/10.1038/s41598-017-16551-7 (2017).

 19. Janik, S. et al. Prognostic and diagnostic impact of fibrinogen, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio on 
thymic epithelial tumors outcome. Oncotarget 9, 21861–21875, https://doi.org/10.18632/oncotarget.25076 (2018).

 20. Janik, S. et al. Elevated CRP levels predict poor outcome and tumor recurrence in patients with thymic epithelial tumors: A pro- and 
retrospective analysis. Oncotarget 8, 47090–47102, https://doi.org/10.18632/oncotarget.17478 (2017).

 21. Ghanim, B. et al. Intrathoracic solitary fibrous tumor - an international multicenter study on clinical outcome and novel circulating 
biomarkers. Sci. Rep. 7, 12557, https://doi.org/10.1038/s41598-017-12914-2 (2017).

 22. Ghanim, B. et al. Elevated inflammatory parameters and inflammation scores are associated with poor prognosis in patients 
undergoing pulmonary metastasectomy for colorectal cancer. Interact. Cardiovasc. Thorac. Surg. 21, 616–623, https://doi.
org/10.1093/icvts/ivv206 (2015).

 23. Schiwitza, A. et al. Monitoring efficacy of checkpoint inhibitor therapy in patients with non-small-cell lung cancer. Immunotherapy 
11, 769–782, https://doi.org/10.2217/imt-2019-0039 (2019).

 24. Oya, Y. et al. Predictive clinical parameters for the response of nivolumab in pretreated advanced non-small-cell lung cancer. 
Oncotarget 8, 103117–103128, https://doi.org/10.18632/oncotarget.21602 (2017).

 25. Kadota, K. et al. A nuclear grading system is a strong predictor of survival in epitheloid diffuse malignant pleural mesothelioma. 
Mod. Pathol. 25, 260–271, https://doi.org/10.1038/modpathol.2011.146 (2012).

 26. Jakobsen, J. N. & Sorensen, J. B. Clinical impact of ki-67 labeling index in non-small cell lung cancer. Lung Cancer 79, 1–7, https://
doi.org/10.1016/j.lungcan.2012.10.008 (2013).

 27. Yerushalmi, R., Woods, R., Ravdin, P. M., Hayes, M. M. & Gelmon, K. A. Ki67 in breast cancer: prognostic and predictive potential. 
Lancet Oncol. 11, 174–183, https://doi.org/10.1016/S1470-2045(09)70262-1 (2010).

 28. Xiang, X. et al. Prognostic value of PD -L1 expression in patients with primary solid tumors. Oncotarget 9, 5058–5072, https://doi.
org/10.18632/oncotarget.23580 (2018).

 29. Xu, J. et al. PD-L1 expression in pleural effusions of pulmonary adenocarcinoma and survival prediction: a controlled study by 
pleural biopsy. Sci. Rep. 8, 11206, https://doi.org/10.1038/s41598-018-29156-5 (2018).

 30. Palumbo, J. S. et al. Platelets and fibrin(ogen) increase metastatic potential by impeding natural killer cell-mediated elimination of 
tumor cells. Blood 105, 178–185, https://doi.org/10.1182/blood-2004-06-2272 (2005).

 31. Mukaida, N., Nosaka, T., Nakamoto, Y. & Baba, T. Lung Macrophages: Multifunctional Regulator Cells for Metastatic Cells. Int J Mol 
Sci 20, https://doi.org/10.3390/ijms20010116 (2018).

 32. Li, N. Platelets in cancer metastasis: To help the “villain” to do evil. Int. J. Cancer 138, 2078–2087, https://doi.org/10.1002/ijc.29847 
(2016).

 33. Mok, T. S. K. et al. Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing, locally advanced or metastatic 
non-small-cell lung cancer (KEYNOTE-042): a randomised, open-label, controlled, phase 3 trial. Lancet 393, 1819–1830, https://
doi.org/10.1016/S0140-6736(18)32409-7 (2019).

 34. Pai-Scherf, L. et al. FDA Approval Summary: Pembrolizumab for Treatment of Metastatic Non-Small Cell Lung Cancer: First-Line 
Therapy and Beyond. Oncologist 22, 1392–1399, https://doi.org/10.1634/theoncologist.2017-0078 (2017).

 35. Reck, M. et al. Updated Analysis of KEYNOTE-024: Pembrolizumab Versus Platinum-Based Chemotherapy for Advanced Non-
Small-Cell Lung Cancer With PD-L1 Tumor Proportion Score of 50% or Greater. J. Clin. Oncol. 37, 537–546, https://doi.
org/10.1200/JCO.18.00149 (2019).

 36. Haragan, A. et al. Heterogeneity of PD-L1 expression in non-small cell lung cancer: Implications for specimen sampling in 
predicting treatment response. Lung Cancer 134, 79–84, https://doi.org/10.1016/j.lungcan.2019.06.005 (2019).

 37. Casadevall, D. et al. Heterogeneity of Tumor and Immune Cell PD-L1 Expression and Lymphocyte Counts in Surgical NSCLC 
Samples. Clin. Lung Cancer 18, 682–691 e685, https://doi.org/10.1016/j.cllc.2017.04.014 (2017).

 38. Munari, E. et al. PD-L1 expression heterogeneity in non-small cell lung cancer: evaluation of small biopsies reliability. Oncotarget 8, 
90123–90131, https://doi.org/10.18632/oncotarget.21485 (2017).

 39. Grosu, H. B. et al. PD-L1 detection in histology specimens and matched pleural fluid cell blocks of patients with NSCLC. Respirology 
24, 1198–1203, https://doi.org/10.1111/resp.13614 (2019).

Acknowledgements
This work was in part supported by the FWF Austrian Science Fund (I 2872-B28 to BH). Furthermore, the 
authors want to acknowledge the support by Open Access Publishing Fund of Karl Landsteiner University of 
Health Sciences, Krems, Austria.

https://doi.org/10.1038/s41598-020-62813-2
https://doi.org/10.1111/crj.12292
https://doi.org/10.1183/13993003.00349-2018
https://doi.org/10.1183/13993003.00349-2018
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1126/science.342.6165.1432
https://doi.org/10.1126/science.342.6165.1432
https://doi.org/10.1093/annonc/mds647
https://doi.org/10.1038/s41416-018-0330-4
https://doi.org/10.1038/s41416-018-0330-4
https://doi.org/10.1016/j.jtho.2017.10.034
https://doi.org/10.1111/1759-7714.13004
https://doi.org/10.1016/j.jtho.2018.08.007
https://doi.org/10.1097/SLA.0b013e3182602af4
https://doi.org/10.1097/SLA.0b013e3182602af4
https://doi.org/10.1038/bjc.2013.815
https://doi.org/10.1038/bjc.2015.9
https://doi.org/10.1038/s41598-017-16551-7
https://doi.org/10.18632/oncotarget.25076
https://doi.org/10.18632/oncotarget.17478
https://doi.org/10.1038/s41598-017-12914-2
https://doi.org/10.1093/icvts/ivv206
https://doi.org/10.1093/icvts/ivv206
https://doi.org/10.2217/imt-2019-0039
https://doi.org/10.18632/oncotarget.21602
https://doi.org/10.1038/modpathol.2011.146
https://doi.org/10.1016/j.lungcan.2012.10.008
https://doi.org/10.1016/j.lungcan.2012.10.008
https://doi.org/10.1016/S1470-2045(09)70262-1
https://doi.org/10.18632/oncotarget.23580
https://doi.org/10.18632/oncotarget.23580
https://doi.org/10.1038/s41598-018-29156-5
https://doi.org/10.1182/blood-2004-06-2272
https://doi.org/10.3390/ijms20010116
https://doi.org/10.1002/ijc.29847
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1634/theoncologist.2017-0078
https://doi.org/10.1200/JCO.18.00149
https://doi.org/10.1200/JCO.18.00149
https://doi.org/10.1016/j.lungcan.2019.06.005
https://doi.org/10.1016/j.cllc.2017.04.014
https://doi.org/10.18632/oncotarget.21485
https://doi.org/10.1111/resp.13614


1 0Scientific RepoRtS |         (2020) 10:5784  | https://doi.org/10.1038/s41598-020-62813-2

www.nature.com/scientificreportswww.nature.com/scientificreports/

Author contributions
B.G., P.S., M.S., B.H., E.S. and C.A. contributed substantially to the study design. B.G., A.R., P.S., M.V., A.C., A.yB., 
I.C.K., N.A., A.V., T.P., A.gB., T.H., K.H., P.E., A.S. and G.S. contributed to data acquisition. B.G., P.S., M.S., B.H., 
E.S. and C.A. analysed and interpreted the data. B.G., P.S. and B.H. wrote the manuscript. E.S. and C.A. equally 
contributed to this paper and are both corresponding authors. All authors have provided final approval of the 
manuscript and have agreed to be accountable for all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately investigated and resolved.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-62813-2.
Correspondence and requests for materials should be addressed to E.S. or C.A.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-62813-2
https://doi.org/10.1038/s41598-020-62813-2
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Tumour cell PD-L1 expression is prognostic in patients with malignant pleural effusion: the impact of C-reactive protein an ...
	Results
	Association of PD-L1 expression with clinicopathological parameters. 
	The prognostic impact of PD-L1, Ki-67 index and other patient characteristics. 
	Multivariate and exploratory subgroup survival analyses. 

	Discussion
	Methods
	Patients. 
	Statistical analyses. 

	Acknowledgements
	Figure 1 Ki-67 and PD-L1 immunohistochemistry.
	Figure 2 Prognostic factors in patients with MPE.
	Figure 3 The impact of Ki-67 index and CRP levels on the prognostic power of PD-L1 status.
	Figure 4 Immune checkpoint inhibitor therapy and overall survival after MPE diagnosis.
	Table 1 Patients characteristics of the whole study cohort (n = 123).
	Table 2 Patients characteristics according to PD-L1 status (n = 123).
	Table 3 Prognostic parameters.




