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Abstract 

Background It is crucial to differentiate between benign and malignant pleural effusions while making a diagnosis. 
The purpose of this research was to investigate the diagnostic significance of GSDMD and VEGF in discriminating 
between different kinds of pleural effusion and their correlation with both progression‑free and overall survivals in the 
malignant type.

Methods Ninety‑one pleural fluid samples, which were classified as transudates or exudates (tuberculous, para‑infec‑
tious, or malignant) by pleural fluid classifications, were tested for GSDMD using sandwich ELIZA kits, and 41 of the 
exudative samples were randomly selected for VEGF testing. Both markers’ diagnostic accuracy was assessed.

Results The lowest level of GSDMD was associated with the transudate group (mean and SD of 2.35 ± 0.44 ng/mL) 
and the highest in the malignant effusion group (mean and SD of 4.38 ± 1.67 ng/mL). The specificity and sensitivity 
of GSDMD in the diagnosis of exudative PE were 97% and 98%, respectively (p = 0.001) with the cutoff point = 2.89). 
Regarding VEGF, its level was 222.3 ± 53.4 pg/ml for all studied samples where MPE (n = 21) was 261.2 ± 48.2 pg/ ml 
(mean ± SD), TBPE (n = 7) was 185.4 ± 6.96 pg/ml (mean ± SD), and PIPE (n = 13) was 179.3 ± 13.9 pg/ml (mean ± SD). 
The diagnostic accuracy of VEGF for the detection of MPE was 90% with a sensitivity of 100% and specificity of 80% 
and the cutoff point was 191.5 pg/ml. There were highly significant inverse correlations between progression‑free 
survival and both GSDMD (r =− 0.531, p = 0.009) and VEGF (r = − 0.582, p = 0.006) in MPE.

Conclusion Pleural effusion GSDMD can be an effective marker for differentiating the different kinds of PE, and VEGF 
levels can be a useful adjuvant marker in screening out MPE as a possible diagnosis, leading to the proper selection of 
patients who may benefit from more invasive procedures.
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1  Background
Pleural effusion (PE) is connected with a variety of 
benign and malignant illnesses and determining its cause 
could be difficult. One of the most difficult aspects of its 
diagnosis is separating exudates from transudates [1]. A 
further critical concern is whether the effusion is benign 
or malignant. Although the cytological evaluation of PE 
samples is easy and has good specificity, it has a low sen-
sitivity [2]. Clarifying the etiology  of malignant PE in a 
patient with negative cytology necessitates more complex 
diagnostic methods. As a result, distinguishing between 
non-malignant and malignant PE for some patients may 
be challenging and confined by the risks associated with 
invasive methods [3].

The evaluation of inflammatory markers and growth 
factors is a newer and underutilized diagnostic technique 
for PE.

Gasdermin D (GSDMD) is an agent that causes pyrop-
tosis, a type of programmed cell death caused via inflam-
matory caspases that fragment GSDMD and activate 
and secrete interleukin-18 (IL-18) and IL-1. [4] A sig-
nificant variety of research has been done on the struc-
ture and functionality of GSDMD and its isoforms [5]. 
The GSDMD concentration is considerably elevated in 
pulmonary tuberculosis, pneumonia, and non-small cell 
lung cancer. [6–8] However, limited studies have demon-
strated its relevance in distinguishing between malignant 
and non-malignant PE.

VEGF (vascular endothelial growth factor) is a key reg-
ulator of vasculogenesis and capillary  permeability as it 
promotes the development of capillaries and has unique 
chemotactic and mitogenic actions on the vascular 
endothelium [9]. As a result, VEGF may be a significant 
marker in the formation of malignant PE and, as a result, 
can help in distinguishing between it and the benign type.

The objective of this study was to investigate the effi-
cacy of GSDMD and VEGF in discriminating PE of 
different etiologies and their correlation with both pro-
gression-free and overall survivals in the malignant type.

2  Methods
2.1  Study population
This prospective study involved 91 consecutive patients 
with newly diagnosed PE. The study was conducted from 
June 2021 to December 2022. The study was authorized 
by the Menoufia University Hospital’s Ethics Committee 
(IRB: 10/2022EONC21). The sample was classified as 
transudate or exudate based on the definition of pleural 
fluid causes. GSDMD was detected in all pleural fluid 
(PF) samples (n = 91), while VEGF was detected in 41 
samples selected randomly from exudative samples.

The following are some of the causes of pleural effusion: 
Para-infectious pleural effusions (PIPE) were defined 
when associated with pneumonia, positive bacterial cul-
ture, or lung abscesses provided that no TB bacilli were 
in the pleural fluid. When malignant cells were found in 
the pleural space via cytological analysis or tissue biopsy, 
malignant PE (MPE) was diagnosed. Tuberculous PE 
(TBPE) was identified depending on the existence of TB 
bacilli (acid & alcohol fast) in pleural fluid or biopsies tis-
sue (and/or the presence of caseating granuloma).

Transudate PE (TPE) was verified using Light’s criteria: 
the PF/serum protein ratio is < 0.5, the PF lactate dehy-
drogenase (LDH) is < 2/3 the normal maximum limit and 
the PF /serum LDH ratio is < 0.6 [10]. When there was 
a conflict between the Light’s criteria and the clinical 
aspect, the albumin gradient between the serum and PE 
of more than 1.2 g/dl identified the TPE [11].

Patients presented with combined cancer lung and 
TB pneumonia, malignancy associated with transudate 
pleural effusion, thoracotomy tube, undiagnosed pleural 
effusion, patients under the age of 18, or patients who 
declined to participate in this research were all omitted.

2.2  Collection of samples
Each patient provided informed and written consent. At 
the time of the first tapping, a thoracocentesis was con-
ducted, and the PF and serum samples were taken.

The pleural fluid (PF) was collected in two different 
types of tubes one containing EDTA (for cytological 
examination) and one plain (for examination of LDH, 
total protein, adenosine deaminase (ADA), Albumin, 
total cell count, TB bacilli, culture for bacteria, GSDMD, 
and VEGF-A). Levels of total protein, albumin, and LDH 
were investigated in peripheral venous blood Samples 
collected in the plain ones.

All samples (except for GSDMD and VEGF) were 
immediately analyzed using established automated pro-
cedures, and Light’s criteria were used to discriminate 
transudate from exudate effusion samples. If the analy-
sis does not yield a diagnosis, a pleural biopsy may be 
needed to reach the final diagnosis.

Centrifugation of PF samples was done directly at 
3000  rpm for 10  min to measure GSDMD and VEGF. 
The pleural fluid supernatant was collected and stored at 
− 20 °C for future investigation.

2.3  Gasdermin D assay
A double-antibody sandwich enzyme-linked immuno-
sorbent test (ELISA) to detect the presence of Human 
GSDMD in all PF samples (by SunRed Biological Tech-
nology Co., Ltd, Shanghai). In the Standard wells, 50 μl of 
each standard was added. 40 μl of each sample was added 
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to the test wells. Both standard and test wells received 
50 μl of prepared streptavidin-HRP solution before 10 μl 
of GSDMD-antibody were added to each well of the micr-
otiter ELISA plate. At 37° C, the plates were incubated 
for an hour. After that, the plates were washed five times 
with wash buffer and each well received 50 μl of chromo-
gen solution A and 50 μl of chromogen solution B, which 
caused the liquid to turn blue. The wells were then incu-
bated at 37  °C for 10 min without exposure to light. To 
each well, 50 μl of stop solution was added (the blue color 
changes into yellow immediately). A microplate reader 
was used to determine the absorbance of each colored 
solution at a wavelength of 450  nm. According to the 
supplier, the sensitivity of this test was 0.089 ng/ml, with 
the range of the assay being 0.1—15 ng/ml.

2.4  Vascular endothelial growth factor A assay
A double-antibody sandwich ELISA (SunRed Biological 
Technology Co., Ltd, Shanghai) was used in the kits to 
determine the level of Human VEGF in randomized 41 
exudative pleural effusion samples. It was done as per-
formed with the GSDMD assay. According to the sup-
plier, the sensitivity of this test was 2.677 pg/ml and the 
assay range was 3–900 pg/ml.

For GSDMD and VEGF: The standard curve linear 
regression equation was developed based on the concen-
tration of the standards and the associated optic density 
values, and the optic density values of the sample were 
then used in the regression equation to compute the con-
centration of the corresponding sample.

2.5  Response to treatment and survival data
All of the participants with MPE had received systemic 
anticancer therapy either chemotherapy and\or targeted 
therapy. Follow-up was done for all MPE patients starting 
from the date of the first diagnosis.

The treatment response of participants was evaluated 
using the updated RECIST guidelines (version 1.1) [12] 
as the following: Complete response: necessitates the 
clearance of all targeted lesions and any pathologic lymph 
nodes on the short axis to less than 10 mm. The partial 
response: a reduction of at least 30% in the total targeted 
lesion diameters from the baseline sum. Progressive dis-
ease: A 20% increase in the overall diameters of targeted 
lesions. Additionally, the total needs to have a minimum 
absolute rise of 5  mm. Stable disease: Neither adequate 
shrinking to meet for the partial response nor sufficient 
rise to meet for progressive disease. It is important to 
note that the presence of one or even more extra lesions 
is also termed progression.

Progression-free survival was estimated from the 
date of the diagnosis to the date of the disease progres-
sion (biochemical relapse, pathological progression, or 

radiological progression). While the duration from the 
diagnosis to the latest follow-up or death (due to can-
cer), whichever came first, was used for the estimation of 
overall survival. When accessing a patient’s records, if the 
patient was still living, the case was censored at that time.

2.6  Statistical analysis of the data
By using the Statistical Package for Social Science version 
22, (SPSS, Inc, Chicago, Illinois, USA), qualitative data 
were presented as numbers and percentages, whereas 
quantitative data were reported as mean and standard 
deviation. The Chi-square test was employed to inves-
tigate the relationship between 2 qualitative variables. 
Furthermore, the Mann–Whitney test was used for the 
comparison of 2 groups that were not normally distrib-
uted and had quantitative factors. The ANOVA test was 
used for the comparison between 3 or more normally 
distributed groups with quantitative variables, while for 
the comparison between 3 or more groups that were 
not regularly distributed and had quantitative factors we 
used the Kruskal–Wallis test. The diagnostic accuracy 
of both markers in the differential diagnosis of PE was 
determined using ROC curve analysis. The log-rank test 
and Kaplan–Meier graphs were used for the comparison 
between medians of survival times between high and low 
marker expressions. A statistically significant p value of 
0.05 or less was used.

3  Results
This study involved 91 patients (54 Males, and 37 
Females) admitted to Menoufia University Hospital’s 
Chest Department with newly diagnosed pleural effu-
sion. According to PF analysis, the patients were divided 
into the transudate PE (TPE) group (n = 36 with an age 
of 47.8 ± 10.7 years, mean ± SD) and exudative PE (EPE) 
group which redivided into 3 subgroups: MPE (n = 23 
with an age of 48.3 ± 13.6 years), TBPE (n = 8 with an age 
of 37.8 ± 12.0  years, mean ± SD), and PIPE (n = 24 with 
an age of 42.2 ± 11.5  years, mean ± SD). The differences 
in demographic and laboratory investigations between 
groups are shown in Table 1.

The pleural fluid GSDMD level for exudative PE 
was 3.73 ± 1.23  ng/ml (mean ± SD), where the MPE 
group was 4.38 ± 1.67  ng/ml (mean ± SD), TBPE 
was 3.44 ± 0.38  ng/ml (mean ± SD) and PIPE was 
3.20 ± 0.30  ng/ml (mean ± SD) while for TPE, it was 
2.35 ± 0.44 ng/ml (mean ± SD) as presented in Table 2.

Regarding VEGF, its level was 222.3 ± 53.4 pg/ml for all 
studied samples where MPE (n = 21) was 261.2 ± 48.2 pg/ 
ml (mean ± SD), TBPE (n = 7) was 185.4 ± 6.96  pg/ml 
(mean ± SD), and PIPE (n = 13) was 179.3 ± 13.9  pg/
ml (mean ± SD). Except for TBPE and PIPE, there were 
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statistically significant variations in GSDMD and VEGF 
levels among all groups as presented in Table 2.

The correlation between GSDMD and laboratory 
investigations in the EPE group is demonstrated in 
Table  3 where there were significant positive correla-
tions between GSDMD and total protein, LDH, ADA, 
and VEGF levels in the PF. Furthermore, in the exudative 
pleural effusion group, there were substantial positive 
correlations between VEGF-A and pleural fluid levels of 
total proteins, LDH, and ADA, but only ADA reached a 
significant level (p = 0.031).

The results in Table  4 indicate the GSDMD marker’s 
diagnostic accuracy in EPE diagnosis together with the 
diagnostic accuracy of the VEGF marker in the diagnosis 
of MPE, and Fig. 1 shows the ROC curve for their sen-
sitivity and specificity, where the AUC was 0.994 with a 
cutoff point of 2.89  ng/ml for differentiating between 

transudate and exudative PE, and the sensitivity and 
specificity were 98% and 97%, respectively, for GSDMD, 
while for VEGF, the AUC was 1.00 with a cutoff point 
of 191.5 pg/ml for detection oF MPE, and the sensitivity 
and specificity were 100% and 80%, respectively.

Furthermore, the diagnostic accuracy of GSDMD in 
distinguishing between TPE and different kinds of EPE 
and in distinguishing different types of EPE is presented 
in Table 5, and the ROC curves for their sensitivity and 
specificity are illustrated in Figs. 2 and 3.

The response to first-line treatment was assessed in 
MPE patients, most of the cases achieved partial response 
to therapy (52.2%), six cases had stable disease (26.1%), 
three cases (13%) with complete response to therapy, and 
two cases (8.7%) had their disease progressed. Eighteen 
cases (78.3%) progressed after first-line therapy and five 
cases (21.7%) didn’t. At the end of our study, four cases 

Table 1 Demographic data and laboratory investigations among the studied patients (N = 91)

LDH lactate dehydrogenase, ADA Adenosine deaminase, MPE Malignant pleural effusion

Studied variables Malignant pleural 
effusion group (MPE)
(N = 23)

Tuberculous pleural 
effusion (TBPE)
(N = 8)

Para-infectious PIPE
(N = 24)

transudative pleural 
effusion group (TPE)
(N = 36)

Age (years)
Mean ± SD
Median
Range

48.3 ± 13.6
47.0
28.0 – 71.0

37.8 ± 12.0
39.0
19.0 – 58.0

42.2 ± 11.5
40.5
23.0 – 68.0

47.8 ± 10.7
44.0
33.0 – 69.0

Sex
Male
Female

15(65.2)
8(34.8)

5(62.5)
3(37.5)

16(66.7)
8(33.3)

18(50.0)
18(50.0)

Pleural Effusion total protein gm/dl
Mean ± SD
Median
Range

6.62 ± 1.21
6.40
4.20 – 8.97

5.63 ± 0.90
5.56
4.28 – 6.96

5.48 ± 1.27
5.18
3.48 – 8.20

2.03 ± 0.73
2.10
0.40 – 3.38

Pleural Effusion LDH (IU/L)
Mean ± SD
Median
Range

652.0 ± 192.1
573.3
357.8– 988.0

503.3 ± 144.9
469.1
302.0 – 768.0

516.2 ± 248.8
420.7
282.5 – 1100

98.8 ± 28.2
95.0
59.7 – 187.0

ADA (IU/L)
Mean ± SD
Median
Range

36.6 ± 9.94
37.5
11.0 – 55.0

76.3 ± 24.6
72.0
49.0 – 128.0

21.2 ± 7.52
21.0
4.90 – 35.0

7.72 ± 1.46
8.00
4.30 – 10.0

Total leucocytic cells/mm3
 < 1000
 > 1000

9(39.1)
14(60.9)

4(50.0)
4(50.0)

11(45.8)
13(54.2)

36(100.0)
0(0.00)

Differential cell count
eosinophilic
lymphocytic
neutrophil
polymorphs

2(8.70)
21(91.3)
0(0.00)
0(0.00)

0(0.00)
8(100)
0(0.00)
0(0.00)

0(0.00)
4(16.7)
0(0.00)
0(0.00)

1(2.80)
30(83.3)
1(2.80)
4(11.1)

Type of malignancy in MPE
Bronchogenic carcinoma
Breast cancer
Mesothelioma
Lymphoma
Hepatocellular carcinoma
Ovarian carcinoma

7(30.4)
5(21.7)
3(13.1)
4(17.4)
3(13.1)
1(4.3)

‑ ‑ ‑
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died (17.4%) and nineteen cases (82.6%) were still alive 
(Table 6).

The median progression-free survival was 12  months 
(11.4 ± 2.85 mean ± SD), while the median overall sur-
vival was 6 months (7.13 ± 3.93 mean ± SD) as presented 
in Table  7. Furthermore, there are highly significant 
inverse correlations between progression-free survival 
and both GSDMD (r -0.531, p 0.009) and VEGF (r -0.582, 
p 0.006) but regarding the overall survival the correlation 
was not statistically significant.

The median level of GSDMD and VEGF was taken as 
a cutoff point to classify the low and high expression 

Table 2 GSDMD and VEGF levels among the studied patients (N = 91)

F ANOVA test, K Kruskal–Wallis test, U Mann–Whitney test, MPE Malignant pleural effusion, TBPE Tuberculous pleural effusion, PIPE Para‑infectious pleural effusion
* Significant, P1: Comparison between MPE and TBPE, P2: Comparison between MPE and PIPE, P3: Comparison between TBPE and PIPE, P4: Comparison between MPE 
and TPE, P5: Comparison between TBPE and TPE, P6: Comparison between PIPE and TPE

Table 3 Correlation between GSDMD and VEGF with laboratory 
investigations of exudative pleural effusion group

LDH Lactate dehydrogenase, ADA Adenosine deaminase, *Significant

Studied variables GSDMD VEGF

r P value r P value

Effusion total protein 0.463 0.001* 0.125 0.435

Effusion LDH 0.317 0.019* 0.296 0.061

ADA 0.531 0.001* 0.336 0.031*
VEGF 0.488 0.001* –

Table 4 Diagnostic accuracy of GSDMD (in the detection of exudative pleural effusion and VEGF (in the detection of malignant pleural 
effusion)

AUC  Area under the curve, PPV Positive predictive value, NPV Negative predictive value, *Significant

Studied variable AUC P value Cutoff point Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

GSDMD 0.994 0.001* 2.89 98% 97% 98% 97% 98%

VEGF 1.00 0.001*  ≥ 191.5 100% 80% 84% 100% 90%
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Fig. 1 Roc curves for sensitivity and specificity of a GSDMD for detection of exudative Pleural effusion and b VEGF for detection of malignant 
pleural effusion

Table 5 Diagnostic accuracy of GSDMD in the differential diagnosis of pleural effusion

TPE Transudate pleural effusion, TBPE Tuberculous pleural effusion, MPE Malignant pleural effusion, PIPE Para‑infectious pleural effusion, AUC  Area under the curve, 
PPV Positive predictive value, NPV Negative predictive value, *Significant

GSDMD TPE versus TBPE TPE versus MPE TPE versus PIPE MPE versus TBPE MPE versus PIPE TBPE versus PIPE

AUC 1.00 0.971 0.985 0.646 0.803 0.714

P value 0.001* 0.001* 0.001* 0.249 0.001* 0.074

Cutoff point  ≥ 2.80  ≥ 2.94  ≥ 2.89  ≥ 3.25  ≥ 3.26  ≥ 3.11

Sensitivity (%) 100% 96% 91% 83% 87% 75%

Specificity (%) 92% 95% 94% 57% 75% 71%

PPV (%) 73% 92% 93% 86% 81% 46%

NPV (%) 100% 97% 91% 50% 77% 89%

Accuracy (%) 93% 95% 93% 77% 81% 72%

Fig. 2 Roc curves for sensitivity and specificity of GSDMD for detection of a TBPE, b MPE, and c PIPE
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(GSDMD ≤ 3.51 versus ˃ 3.51) and (VEGF ≤ 256.4 ver-
sus ˃256.4). The results in Table  8 and Fig.  4 indicate 
significantly shorter median progression-free survival 
in the patients with high both GSDMD and VEGF 
expression (P = 0.023 and P = 0.003 respectively). Also, 
the median of   overall survival in the patients with 
high both GSDMD and VEGF expression  was shorter 

but the difference was statistically not significant 
(P = 0.108 and P = 0.359 respectively).

4  Discussion
The pyroptosis is a type of programmed  cell death. The 
GSDMD is released in significant amounts following cell 
rupture [4]. These might be the causes of GSDMD detec-
tion in PE.

Fig. 3 Roc curves for sensitivity and specificity of GSDMD for differentiating between a MPE from TBPE, b MPE FROM PIPE, and c TBPE from PIPE

Table 6 Relation between GSDMD and VEGF with the response, progression, and outcome among malignant pleural effusion group

U: Mann–Whitney test K: Kruskal–Wallis test, * significant

Studied variables Total no GSDMD Test of sig. P value VEGF Test of 
sig. P 
value

No. (%) Mean ± SD Mean ± SD

Response

Complete response
Progressive disease
Partial response
Stable disease

3(13.0)
2(8.70)
12(52.2)
6(26.1)

3.45 ± 0.20
4.97 ± 1.27
4.45 ± 1.83
4.50 ± 1.97

K
1.79
0.617

235.9 ± 33.1
195.7 ± 49.5
258.8 ± 56.5
267.7 ± 36.6

K
2.89
0.409

Progression U U

Progressed
Not progressed

18(78.3)
5(21.7)

4.66 ± 1.79
3.37 ± 0.14

1.41
0.157

274.9 ± 46.1
217.3 ± 22.3

2.47
0.013*

Outcome U U

Alive
Dead

19(82.6)
4(17.4)

4.39 ± 1.79
4.34 ± 1.05

1.13
0.256

257.8 ± 50.8
275.5 ± 37.1

0.896
0.370

Table 7 Correlation between GSMD and VEGF with Progression‑free survival and Overall survival among malignant pleural effusion 
group

r Spearman’s correlation * Significant

Studied variables Mean ± SD Median 
(months)

GSDMD VEGF

r P value r P value

Progression‑free survival 11.4 ± 2.85 12.0  − 0.531 0.009*  − 0.582 0.006*
Overall survival 7.13 ± 3.93 6.00  − 0.390 0.066  − 0.304 0.181
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The alveolar macrophages, airway epithelium, and type 
II alveolar cells along with mesothelial,  inflammatory, 
and  tumor  cells  participate in VEGF concentration in 
PE. [13–15]

The purpose of this study was to evaluate the diag-
nostic value of GSDMD in distinguishing  transudate 
PE from various types of exudate PE, and the diagnostic 
value of VEGF in distinguishing between malignant and 
non-malignant exudative pleural effusions, as well as the 
correlation between GSDMD and VEGF with progres-
sion-free survival and overall survival in malignant pleu-
ral effusion.

The GSDMD level in PF had statistically significant 
variations among all groups (except TBPE and PIPE, 
P = 0.520) in this study, with the lowest level in the 

transudate group (mean and SD of 2.35 ± 0.44  ng/mL) 
and the highest in the malignant effusion group (mean 
and SD of 4.38 ± 1.67  ng/mL). GSDMD level in PE 
was found to be correlated positively with PF protein 
(r 0.463, p 0.001), LDH (r 0.317, p 0.019), and ADA (r 
0.531, p 0.001), suggesting that the GSDMD could be a 
useful marker for differentiating different types of PE.

The sensitivity and specificity of GSDMD in the diag-
nosis of PE were 98% and 97%, respectively (p = 0.001) 
and the ROC curve demonstrated that the GSDMD not 
only could be an effective marker to differentiate between 
the transudate and exudative PE (AUC 0.994 & the cutoff 
point = 2.89), but also GSDMD exhibited a strong diagnos-
tic capability for separating TPE from TBPE (AUC = 1.0, 
the cutoff value = 2.80  ng/mL, sensitivity = 100%, 

Table 8 Relation between GSMD and VEGF with progression‑free survival and overall survival among malignant pleural effusion 
group

St. Error Standard error, CI Confidence interval *Significant

Studied variables GSDMD Log-rank P value

 ≤ 3.51 ˃3.51

Median Std. Error 95% CI Lower – upper Median Std. Error 95% CI Lower – upper

Progression‑free survival 8.00 3.15 1.82 – 14.1 4.00 0.57 2.86 – 14.1 5.15 0.023*

Overall survival 14.0 0.351 13.9 – 15.3 13.0 1.37 10.9 – 16.3 2.58 0.108

Studied variables GSDMD Log-rank P value

 ≤ 256.4  > 256.4

Median Std. Error 95% CI Lower – upper Median Std. Error 95% CI Lower – upper

Progression‑free survival 13.0 5.02 3.15 – 22.8 4.00 0.63 2.76 – 5.24 9.06 0.003*

Overall survival 13.0 0.583 12.9 – 15.2 10.0 1.56 10.6 – 16.8 0.843 0.359

Fig. 4 Relation between a GSDMD and b VEGF with progression‑free survival among malignant pleural effusion group
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and specificity = 92%), MPE (AUC = 0.971, the cutoff 
value = 2.94 ng/mL, sensitivity = 96%, and specificity = 95%), 
and PIPE (AUC = 0.985, the cutoff value = 2.89 ng/mL, sen-
sitivity = 91%, and specificity = 94%). GSDMD also per-
formed satisfactorily in differentiating MPE from PIPE 
(AUC = 0.803, cutoff value = 3.26 ng/ml).

Our results were in line with those of Li et al., [16] who 
solely looked at the GSDMD as a new marker in differen-
tiating between the types of PE. They observed a statis-
tically significant link between GSDMD, LDH, and ADA 
after evaluating all patients with pleural exudates, and the 
GSDMD levels in PE were significantly connected with 
the level of ADA and LDH (p = 0.0001). GSDMD’s diag-
nostic accuracy was 94% for specificity and 96% for sensi-
tivity. Their ROC curve’s AUC was > 0.973 to differentiate 
between transudate PE and other groups. Their great-
est AUC was 0.990 for TB diagnosis, while the value of 
18.40 ng/ml was the cutoff point. Furthermore, 9.35 ng/
ml was the identical cutoff point for both parapneumonic 
and malignant PE. Although they found significance in 
the levels of GSDMD in various PE types, as we did, they 
found no significance between MPE and parapneumonic 
PE (in our study was between TBE and PIPE).

Recent research indicates that pyroptosis can be acti-
vated by a variety of pathogenic triggers, including 
infectious disorders, neurological diseases, and malig-
nancy. Surprisingly, there was a strong positive associa-
tion between the amount of GSDMD together with the 
number of nucleated cells, suggesting that the GSDMD 
is released by such local pleural nucleated cells. [17–20]

In terms of VEGF levels in PF, there was a significant 
variation (with p = 0.001) between various exudative PE 
(except TBPE and PIPE, P = 0.722) with the greatest level 
in the MPE (261.2 ± 48 pg/mL, mean ± SD). The sensitiv-
ity and specificity of VEGF for the identification of MPE 
were 100% and 80%, respectively (p 0.001), and the AUC 
was 1.0, with a cutoff value of 191.5 pg/ml.

Multiple studies agree with our findings that the great-
est VEGF concentrations were identified in malignant 
pleural effusions, although the sensitivity, specificity, and 
cutoff value differ between studies in ROC analysis.

In Fiorelli et  al.’s study, the median level of pleural 
VEGF in patients with MPE was 753 [458–1200 pg/ml], 
which was substantially higher than the value identified 
in benign PE (P = 0.005). Furthermore, there were no sig-
nificant variations between malignant PE due to cancer 
lung and other malignant causes. The sensitivity of VEGF 
was 63%, specificity was 83%, and the cutoff threshold 
was > 652 pg/ml. [3]

Furthermore, Momi et  al. investigated the sensitivity 
and specificity of VEGF concentrations in MPE, which 
were 100 and 84%, respectively with a cutoff value of 
2000 pg/ml [21].

Sack et al. observed that malignancies had the greatest 
VEGF concentrations in pleural effusions, which allows it 
to be distinguished from all other causes; however, there 
was no difference between lung and secondary cancers. 
Apart from congestive heart failure and TB PE, all diag-
nostic other  categories could be distinguished with suf-
ficient confidence. Although substantial differences were 
found, ROC analysis revealed that VEGF did not have 
sufficient diagnostic power when employed as a single 
parameter [22]

Additionally, Duysinx et  al. observed 69% sensitivity 
and 54% specificity with a cutoff value of 382 pg/ml [23], 
whereas Shu et al. [24] demonstrated 47% sensitivity and 
96% specificity with a cutoff was 959 pg/ml.

Kaya et al., on the other hand, found no significant dif-
ference between MPE and TBPE, despite that MPE had 
higher median and mean VEGF levels, and its levels in 
subtypes of cancer lung and different malignant effusions 
were not substantially different [25].

The gold standard for the diagnosis of MPE is cytologi-
cal and/or histopathological evidence of pleural neopla-
sia, whereas VEGF may only imply the diagnosis. But, 
because thoracoscopy is an invasive procedure with 
some limitations in its accessibility, the measurement of 
the VEGF in PF might assist in identifying patients who 
would benefit from invasive procedures.

Without a doubt, regular VEGF assessment in all pleu-
ral effusions is likely not a cost-effective method and 
couldn’t be always advised. But, it might be beneficial in 
people with evidence of cancer either clinically or radi-
ologically and may signal the necessity for a diagnostic 
biopsy [26, 27]. In contrast, given the rareness of a car-
cinogenic etiology for transudate, the patients with TPE 
should be excluded.

In the current study, there were inverse correlations 
between VEGF and both progression-free survival and 
overall survival; however, it was only statistically sig-
nificant with progression-free survival (r = −  0.582, 
p = 0.006). These findings corroborated the findings 
of Cheng et  al. who observed that pleural effusion with 
high levels of VEGF was correlated with shorter over-
all survival and disease-free survival [28]. Higher VEGF 
expression is linked to a poor prognosis and shorter 
progression-free survival and overall survival. VEGFs’ 
contributions to angiogenesis and cancer development in 
the location of cancer progression might account for our 
findings in addition to their potential to promote vascu-
lar permeability. There is concrete proof that malignant 
cells generate VEGF, which enhances tumorigenesis and 
the progression of cancer and plays a significant role in 
malignant cell migration from the vasculature into the 
pleural cavity which may explain our results [3, 9, 29].
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Thickett et  al., on the other hand, didn’t  observe any 
significant correlation between malignant survival and 
pleural VEGF levels and observed that when empyema 
was eliminated using standard clinical criteria, only indi-
viduals with malignancies used to have a VEGF level 
above 1000 pg/ml. [30]

Gao, et  al., found that overexpression of GSDMD 
reveals a poor prognostic value for adenocarcinoma 
of the lung similar to our results that found signifi-
cantly longer median progression-free survival with low 
GSDMD expression which could be explained by deple-
tion of the GSDMD activates PARP and caspase 3 cleav-
ages and promotes tumor cell death through the intrinsic 
apoptotic pathway. Furthermore, co-expression results 
indicate the relation of GSDMD with EGFR/Akt sign-
aling. The   median  of overall survival in low GSDMD 
expression was longer than that in high GSDMD expres-
sion but the difference was not significant as might longer 
follow-up period of our patients is needed for a better 
assessment of this difference in overall survival.[7]

One of the current study’s limitations is the limited 
number of participants together with not all the samples 
of exudative PE examined for VEGF. Future studies for 
studying the GSDMD in the pleural fluid are advised with 
its relation to the treatment in various types of PE.

5  Conclusion
Pleural effusion GSDMD can be an effective marker 
for  differentiating the  different kinds of PE, and VEGF 
levels can be a useful adjuvant marker in screening out 
MPE as a possible diagnosis, leading to the accurate iden-
tification of individuals who may advantage from more 
invasive treatments. Higher expression of GSDMD and 
VEGF might indicate longer median progression-free 
survival in MPE patients.
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