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University Hospital, Roskilde, Denmark; iCopenhagen Academy for Medical Education and Simulation (CAMES), Rigshospitalet, University of 
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ABSTRACT
Background: Oncological treatment of primary pulmonary adenocarcinoma (AC) includes drugs 
targeting the pathways involving programmed death-ligand 1 (PD-L1), epidermal growth factor 
receptor (EGFR) mutation and anaplastic lymphoma kinase (ALK). The aim of the study was to 
report the prevalence of these tumour markers in pleural fluid with cytology positive for 
pulmonary AC and the potential influence of volume pleural fluid tested.
Methods: We retrospectively reviewed all thoracenteses performed in a two-year period at our 
interventional unit at Department of Respiratory Medicine at Zealand University Hospital 
Naestved, Denmark. ALK and PD-L1 testing was done using immunohistochemistry and EGFR 
testing using next-generation sequencing. We included pleural fluid specimens containing malig-
nant cells originating from primary pulmonary AC and with at least one tumour marker requested 
by the clinicians.
Results: When screening 927 pleural fluid specimens, we identified 57 in accordance with the 
inclusion criteria. PD-L1, ALK and EGFR were obtained in 35/55 (64%), 38/57 (67%) and 26/47 
(55%), respectively. The prevalence did not increase when analysing volumes > 50 mL (p = 0.21– 
0.58)
Conclusion: Tumour markers in pleural fluid specimens containing cells from pulmonary AC can 
be demonstrated in more than half of the cases. Therefore, supplementary invasive procedures 
than thoracentesis could potentially await these analyses.
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Introduction

Lung cancer is globally the most common cause of 
cancer-related death [1]. Non-small cell lung cancer 
(NSCLC) constitutes the majority of cases, and is at 
the time of diagnosis locally advanced or metastasized 
in more than 70% of patients [2]. Thus, curative treat-
ment is not an option in the majority of NSCLC 
patients, who may be candidates to palliative systemic 
treatment. The optimal choice of the latter depends on 
stage, histological subtype and the demonstration of 
tumour markers such as programmed death-ligand 1 
(PD-L1) expression [3], epidermal growth factor recep-
tor (EGFR) mutation [4–6] and anaplastic lymphoma 
kinase (ALK) gene-rearrangement [7,8]. Tumour mar-
kers are not solely important for optimal treatment 

response but are also associated with metastatic spread 
[9] and survival [10–13].

Even though tumour markers are mostly demon-
strated in tissue samples, they can also be found in 
fluids, such as pleural effusion, pericardial effusion or 
ascites [14]. Malignant pleural effusion (MPE) is pre-
sent in 15% of NSCLC patients at the time of diagnosis 
and denotes stage M1a classification and thereby stage 
IVA disease [15]. The sensitivity of pleural fluid cytol-
ogy for primary pulmonary AC is estimated to be 82%, 
while only 14.3% for primary pulmonary squamous cell 
carcinomas (SCC) [16]. Thus, it is possibly much more 
likely to obtain tumour markers for AC than for SCC 
in MPE. Recently, a systematic review indicated that 
detection of ALK and EGFR in pleural effusion can be 
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used as a substitute for tumour tissue, though there was 
some heterogeneity among the included studies [17]. 
A good correlation has been shown between PD-L1 
status in pleural fluid specimens and matched surgical 
biopsies [18,19]. The probability of demonstrating 
tumour marker status in MPEs has been investigated 
in previous studies [18,20–28]. However, the majority 
of these studies included only few cases of pleural 
effusions in selected patients [21,24,27] or pooled 
results from pleural and pericardial effusions 
[21,22,26,27].

On this background, we decided to investigate the 
prevalence of the tumour markers PD-L1, ALK and 
EGFR in MPE with cytology positive for primary pul-
monary AC in unselected and consecutive patients. 
Secondly, we wanted to evaluate the importance of 
the volume of the analysed fluid on the prevalence.

Methods

Study design and data collection

We conducted a retrospective, observational single- 
centre study at the Department of Respiratory 
Medicine at Zealand University Hospital Naestved, 
Naestved, Denmark. The unit serves in-patients from 
the respiratory ward and the oncology ward, as well as 
referred patients for invasive workup of pleural effu-
sion, suspected lung cancer and metastasis without 
known origin. The unit performs bronchoscopies, 
endobronchial ultrasound (EBUS), and/or endoscopic 
ultrasound (EUS) as outpatient procedures in con-
scious sedation (intravenous midazolam and fentanyl). 
Furthermore, it performs ultrasound-, X-ray-, or CT- 
guided transthoracic needle aspiration biopsies 
(TTNABs); pleurocenteses; and non-endoscopic, non- 
thoracic, ultrasound-guided biopsies (fine-needle 
aspiration [FNA] biopsies from liver, spleen, skin 
tumours, bonelesions, or superficial lymph nodes) in 
local analgesia. Yearly approximately 2500 patients are 
referred for invasive work-up. All invasive procedures 
are consequently labelled with a procedure-specific 
code.

From the hospital´s electronic patient file system, we 
identified all patients having thoracentesis performed 
in a two-year period. The pathological results of the 
patients were systematically reviewed and all pleural 
fluid specimens positive for primary pulmonary AC 
were identified. Specimens with at least one tumour 
marker requested was included in the study. If a patient 
had repeated pleural fluid specimens fulfilling the 
inclusion criteria within the same work-up, only the 
first specimen was included. Additional pleural fluid 

specimens from the same patient were included in case 
of clinical progression and the request of new tumour 
marker status. In case of bilateral pleural fluid speci-
mens analysed at the same time, both were included. 
We recorded the number of thoracentesis screened, 
number of pleural fluid specimens positive for primary 
pulmonary AC, volume pleural fluid sent for cytologi-
cal analysis and tumour markers requested and 
obtained.

Endpoints

Primary endpoint was the prevalence of tumour mar-
kers demonstrated in the pleural fluid specimens with 
cytology positive for primary pulmonary AC when 
requested. Secondary endpoint was the diagnostic 
yield in pleural fluid specimens ≤ 50 mL versus > 
50 mL.

Pleural fluid preparation

Whenever possible, 50 mL of pleural fluid were sent for 
cytology [29]. Cell-blocks were prepared by using 
plasma thrombin cell block preparation. The specimen 
was centrifuged for 5 minutes at 1,650 rpm. After 
centrifugation, the supernatant was decanted. Human 
plasma and two drops of three percent aqueous eosin 
to the sediment were added and vortexed briefly. Next, 
0.25–0.5 mL of reconstituted thrombin was added and 
the solution quickly agitated to obtain a clot within 30– 
60 seconds. The clot was placed into a labelled cassette 
containing formalin. The specimens were subsequently 
processed in the histopathology laboratory [30].

PD-L1 analysis

PD-L1 test was performed on cell-blocks using PD-L1 
antibodies 22C3 and staining platform Dako Omnis 
(Agilent, Glostrup, Denmark). Sample adequacy was 
defined as presence of at least 100 tumour cells and 
absence of excessive necrosis or inflammatory cells. 
PD-L1 expression was scored by evaluating any per-
ceptible membranous staining (>1+) of tumour cells 
and by quantifying the percentage of viable PD-L1- 
expressing tumour cells in the cytology samples as 
previously described [31].

ALK analysis

ALK test was performed on cell-blocks using staining 
platform Dako Omnis (Agilent, Glostrup, Denmark) 
and ALK antibodies ‘Origene’ clone OT1A4. Sample 
adequacy was assessed as for PD-L1 (see above). Cells 
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were considered positive if presence of a strong con-
tinuous membranous staining (3+). ALK expression 
was presented dichotomously as either positive or 
negative expression [32].

EGFR analysis

Following tumour content evaluation of hematoxylin 
and eosin stained slides, relevant regions were macro-
dissected and subjected to a standard genomic DNA 
extraction procedure using the GeneRead DNA FFPE 
Kit (Qiagen, Düsseldorf, Germany) according to man-
ufacturer’s specifications. Extracted DNA was analysed 
by next-generation sequencing using the GeneRead 
QIAact Actionable Insights Tumour Panel (Qiagen) 
containing areas of 12 genes including EGFR (coverage 
> 500x in > 99% of all reads, sensitivity ~ 5%). Analysis 
was carried out in accordance with the manufacturer’s 
specifications with at least 20% neoplastic content (esti-
mated by pathologist) in each tissue sample. Data 
interpretation was performed using QCI Analyze for 
GeneReader version 1.5.1 [33].

Ethics and approvals

Approval from the Ethics Committee system was not 
warranted in this retrospective, non-interventional 
study on anonymized biological material. The study 

was approved by the Danish Data Protection Agency 
(approval number REG-021-2019).

Statistics

Statistical analyses were performed using STATA16.0 
(StataCorp®, Texas, US). Categorical data were 
described as number (n) and percentage (%), and con-
tinuous variables as mean and standard deviation or, 
where appropriate, as median and range. Intergroup 
differences in categorical variables were analysed with 
Chi2-test or Fisher´s Exact test. A p-value <0.05 was 
considered statistically significant.

Results

A total of 927 pleural fluid specimens from the time 
period 1 January 2019 to 31 December 2020 were 
collected. Study flow chart is presented in Figure 1 
and patient characteristics in Table 1. We identified 
89(10%) pleural fluid specimens positive for primary 
pulmonary AC, of those 57(64%) with at least one 
tumour marker requested. The included specimens 
represented 51 patients, since six patients participated 
with two specimens; one due to bilateral thoracentesis 
and five due to clinical progression and repeated work- 
up within the two-year period.

748 with no malignant cells927 pleural fluid specimens      
screened 

179 with malignant cells

103 with primary pulmonary 
malignant cells 

89 pleural fluid specimens 
from AC§

10 from SCLC†

4 from SCC‡

57 included ACs with minimum 
one tumor marker requested 

23 with no tumor markers 
requested                    

9 repeated thoracentesis 

76 with non‐pulmonary 
malignant cells

Figure 1. Flowchart showing inclusion of pleural fluid specimens (†small-cell lung cancer, ‡squamous cell carcinoma, 
§adenocarcinoma).
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The prevalence of tumour markers in pleural fluid 
specimens with cytology positive for pulmonary AC are 
shown in Table 2. PD-L1, ALK and EGFR was success-
fully obtained in 35/55(64%), 38/57(67%) and 26/48 
(55%), respectively.

Table 3 shows tumour markers obtained based on 
volume pleural fluid with 50 mL as cut-off. The volume 
of one sample was not registered. In the 15 samples 
containing less than 50 mL of pleural fluid PD-L1 was 
obtained in 10/15 (67%), ALK in11/15 (73%) and 
EGFR in 10/15 (67%). In the 41 specimens containing 
more than 50 mL PD-L1 was obtained in 24/41 (59%), 
ALK in 26/41 (63%) and EGFR in 15/32 (47%). All 

p-values were above 0.05, but the risk ratios (RR) all 
had broad 95% confidence intervals including one, thus 
implying that the sample size is too small to comment 
on the difference in the prevalence of tumour markers 
in pleural fluids specimens below 50 mL versus above 
50 mL.

Discussion

In the present study of the prevalence of tumour mar-
kers in pleural fluid specimens with cytology positive 
for primary pulmonary AC, PD-L1, ALK and EGFR 
could be demonstrated in 35/55(64%), 38/57(67%) and 
26/48(55%), respectively. Thus, tumour markers can be 
demonstrated in pleural fluid obtained by thoracent-
esis, which is an inexpensive and minimally invasive 
procedure. This could imply that the clinician, in some 
cases, could await the result of pleural fluid cytology 
before initiating endoscopic procedures, especially in 
frail patients where endoscopic procedures may consti-
tute a risk. However, it should be taken into account 
that in MPEs caused by pulmonary AC, pleural fluid 
cytology is positive in 82% [16].

This study only assessed the possibility of demon-
stration tumour markers in pleural fluid with cytology 
positive for primary pulmonary AC. The knowledge of 
tumour markers in pleural fluid specimens positive for 
pulmonary SCC is limited due to the low prevalence of 
SCC in pleural fluid specimens. In a study by Grosu 
et al. [18] including 115 pleural fluid cytology positive 
for NSCLC only 2 were SCC. Hence, if SCC is sus-
pected, e.g. central tumours or Pancoast tumours the 
clinician should not await the result of pleural fluid 
cytology before proceeding to collecting histological 
biopsies.

Previous studies have investigated the detection of 
PD-L1 in MPE caused by pulmonary AC [18,21,26]; 
however, two of the studies do not report a diagnostic 
yield specific for MPEs [21,26]. The study by Grosu 
et al. [18] retrospectively evaluated 115 MPEs caused 
by NSCLC using cell-block and immunohistochemis-
try. With a limit for adequate sample of ≥100 tumour 
cells, 71% of samples were successfully analysed for 
PD-L1-status. This corresponds to our 64%.

Previous studies on detection of ALK- 
rearrangement in MPE due to NSCLC report of ALK- 
status obtained in 82% [20] and 70% of analysed sam-
ples [25]. This is also in line with our result of 73%. In 
contrast to our procedure, both studies used flores-
cence in situ hybridization (FISH). However, previous 
studies suggest that FISH is not superior to immuno-
histochemistry assays in detection of ALK [28,34]. The 
study by DeMaio et al. [20] is very similar to our study, 

Table 1. Basic characteristics of the patients in the study cohort 
(patients with pleural fluid cytology positive for primary pul-
monary adenocarcinoma and minimum one tumor marker 
requested).
Patients in study cohort: n = 51

Age, median (IQR) 71 (68, 80)
Female sex, n (%) 21 (41%)
Ever-smokers, n (%)† 44 (86%)
Tobacco pack-years, median (IQR) 37 (20, 53)
Number of pleural fluid specimens 57
Volume pleural fluid sent for analysis, mL median (IQR) 80 (50, 100)

†Tobacco pack-years unknown in 4 ever-smokers 

Table 2. PD-L1†, ALK‡ and EGFR§ measured in pleural fluid 
specimens positive for primary pulmonary adenocarcinoma 
and minimum one tumor marker requested.

Pleural fluid specimens

Tumor marker 
requested, n

Tumor marker 
obtained¶, n (%)

PD-L1 55 35(64)
ALK 57 38(67)
EGFR 47 26(55)

†PD-L1: programmed death-ligand 1. 
‡ALK: anaplastic lymphoma kinase. 
§EGFR: epidermal growth factor receptor. 
¶Tumor marker analysis possible if (>5% tumor cells, >100 tumor cells and 

absence of excessive necrosis or inflammatory cells). 

Table 3. Obtained tumor markers in pleural fluid specimens in 
relation to volume pleural fluid analysed.

≤ 50 mL† 

(n = 15) 
(median 40 mL; 
range 8–50 mL) 

obtained/ 
requested(%)

>50 mL† (n = 41) 
(median 90 mL; 

range 70–100 mL) 
obtained/requested(%) p-value‡

RR§ (95% 
CI)

PD- 
L1

10/15 (67) 24/41 (59) 0.58 1.14 (0.73– 
1.77)

ALK 11/15 (73) 26/41 (63) 0.49 1.16 (0.79– 
1.70)

EGFR 10/15 (67) 15/32 (47) 0.21 1.42 (0.85– 
2.38)

†Volume sent for analysis was missing in one pleural fluid specimen. 
‡Chi2-test. 
§Risk ratio. 
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except for analysing analysed larger volumes. However, 
the study concluded that effusion volume do not 
impact diagnostic yield on ALK- and EGFR-status. 
DeMaio et al. investigated volumes larger and lower 
than 100 mL [20]. We used a 50 mL cut-off, as the 
diagnostic yield for pleural fluid cytology does not 
increase with volumes >50 mL [29,35].

The detection-rate of EGFR-mutations in pre-
vious studies varies considerably from 54% [25], 
78% [20] and 96% [22] of pleural fluid specimens; 
however, the latter study only analysed 27 speci-
mens, including pericardial fluid. DeMaio et al. 
[20] finds considerably higher diagnostic yield 
than our 55%, which cannot be explained by small 
differences in use of analysis methods. Both studies 
retrospectively assessed unselected consecutive 
patients suspected of lung cancer. The strength of 
our study is the valid electronic patient file system 
and thorough screening process. Nevertheless, it is 
possible that a thoracentesis was not labelled with 
a procedure-specific code and thus not included in 
the study. However, if at least one of the patient’s 
thoracenteses were correctly labelled, pathological 
result of all the patient’s pleural fluid specimens 
was accessible. Our study is limited by the retro-
spective design and the relatively small sample size, 
enabling us to comment on the influence of the 
volume fluid analysed on the prevalence of tumour 
markers. In addition, we are unable to comment on 
the concordance between tumour markers measured 
in pleural fluid specimens and histological biopsies, 
since only 10 positive tumour marker analyses, were 
repeated in histological biopsies. In patients not 
achieving the requested analysis, we did not assess 
the prevalence of tumour markers in the following 
biopsies. Thus, we cannot compare the prevalence 
of tumour markers in pleural fluid to cytological/ 
histological biopsies.

For the future, there is a need for prospective 
studies to estimate the clinical impact of obtaining 
tumour markers in pleural fluid specimens and the 
concordance with histological biopsies.

Conclusion

Tumour markers in pleural fluid specimens containing 
cells from pulmonary AC can be demonstrated in more 
than half of the cases. Therefore, the planning of more 
burdensome invasive procedures than thoracentesis 
could await these analyses, especially in fragile patients.
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