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Background: There are no firm recommendations when cytology should be performed in pleural 
transudates, since some malignant pleural effusions (MPEs) behave biochemically as transudates. The 
objective was to assess when would be justified to perform cytology on pleural transudates.
Methods: Consecutive patients with transudative pleural effusion (PE) were enrolled and divided in 
two groups: malignant and non-MPE. Logistic regression analysis was used to estimate the probability of 
malignancy. Two prognostic models were considered: (I) clinical-radiological variables; and (II) combination 
of clinical-radiological and analytical variables. Calibration and discrimination [receiver operating 
characteristics (ROC) curves and area under the curve (AUC)] were performed.
Results: A total of 281 pleural transudates were included: 26 malignant and 255 non-malignant. The AUC 
obtained with Model 1 (left PE, radiological images compatible with malignancy, absence of dyspnea, and 
serosanguinous appearance of the fluid), and Model 2 (the variables of Model 1 plus CEA) were 0.973 and 
0.995, respectively. Although no false negatives are found in Models 1 and 2 to probabilities of 11% and 
14%, respectively, by applying bootstrapping techniques to not find false negatives in 95% of other possible 
samples would require lowering the cut-off points for the aforementioned probabilities to 3% (Model 1) 
and 4% (Model 2), respectively. The false positive results are 32 (Model 1) and 18 (Model 2), with no false 
negatives. 
Conclusions: The applied models have a high discriminative ability to predict when a transudative PE may 
be of neoplastic origin, being superior to adding an analytical variable to the clinic-radiological variables. 
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Introduction 

The first step in the evaluation of patients with pleural 
effusion (PE) is to determine whether the effusion is a 
transudate (results from imbalances in hydrostatic and 
oncotic pressures, both capillaries, and the pleural space) 
or an exudate (secondary to a change in flows due to an 
increase in the permeability of the pleural capillaries or due 
to a block in lymphatic drainage of the pleura). 

It is estimate that if the PE is a transudate, it is not usually 
necessary to perform any other procedure to establish the 
diagnosis, since to know the cause that produces it does not 
usually present with major difficulties (1). However, several 
studies have documented cases of malignant PE (MPE) that 
are biochemically compared as transudates (2-14) and for 
this reason it has been debated whether it is necessary to 
perform cytology routinely in all cases of pleural transudate.

Moreover, clinical guidelines have not established any 
protocol on biochemical parameters to determine routinely 
in pleural fluid (PF), which are limited to recommending 
some basic parameters that are amplified depending on 
the clinical suspicion in each patient (15,16). It is clear 
that the requirements of a first-level hospital are not the 
same as those of a reference tertiary on that has a specific 
Pleural Unit (17). In these, with an elevated patient 
volume and more resources, the study protocol of a PE 
can include the determination of a greater number of 
biochemical parameters such as, for example, N-terminal 
pro-brain natriuretic peptide, adenosine deaminase, or 
carcinoembryonic antigen (CEA), as in our case.

The objective of the study was to identify those PE 
transudates in which it would be justified to perform 
cytology in PF, using predictive models. The first includes 
only clinical-radiological characteristics and is intended for 
those centers with more limitations in performing more 
specific biochemical determinations in PF (Model 1). The 
second, also includes an analytical variable (tumor marker) 
and it is intended for hospitals with fewer restrictions in 
requesting biochemical tests in PF (Model 2).

Methods

We retrospectively reviewed the medical records of all patients 
with PE who arrived consecutively in the Pulmonology 
Department of a Tertiary Care Hospital, between 1 January 
2009 and 30 November 2015. In all PE a diagnostic algorithm 
was applied (18). In patients with repeated thoracentesis, only 
the results of the first were considered.

The diagnosis of CHF, hepatic hydrothorax, nephrotic 

syndrome and trapped lung was established based on 
known criteria (19-22). PF was diagnosed as malignant if 
the cytology or pleural biopsy was positive for malignancy; 
paramalignant PEs were not taken into account (23). Other 
causes of PE were diagnosed based on predefined criteria (18). 

The biochemical parameters used to distinguish between 
pleural exudates and transudates were Light et al. (24):  
PF/serum (S) protein ratio >0.5; PF/S LDH ratio >0.6 and 
PF LDH greater than two-thirds the upper limits of the 
laboratory’s normal serum LDH (320 IU/L in our case). 
Patients with suspected CHF were only punctured if they had 
unilateral PE, asymmetric bilateral PE, chest pain or fever (25).  
A citology of PF (with or without pleural biopsy) was 
performed in those cases in which the PE not decreased with 
medical treatment appropiate to the established diagnosis. 
The variables included in the analysis are shown in the online 
supplemental material (Appendix 1). The methodology to 
determine the various biochemical parameters, both PF and 
serum, is detailed in the Appendix 2.

It was considered images suggestive of malignancy the 
presence of lung nodules/masses, pulmonary atelectasis, or 
mediastinal lymph node disease (malignancy X-ray/CT) in 
the chest X-ray or thoracic CT.

Statistical analysis

Logistic regression analysis was used to estimate the 
probability of an MPE. Two prognostic models were 
considered. Model 1 only included the clinical and 
radiological variables. In Model 2, a combination of 
clinical and radiological variables plus CEA (10-logarithm 
transformed, Log10CEA) was entered. Beginning with a 
model containing all potential covariates, the variable with 
the least significant p value was removed and tested using 
the likelihood-ratio test until all variables left in the model 
significantly (at α=0.05) contributed to the model. 

The different aspects of model performance of the 
regression models were then studied, including calibration, 
discrimination, and diagnostic classification accuracy 
(26,27). Calibration was assessed using the Brier score, the 
Hosmer-Lemeshow goodness-of-fit test, and by plotting 
the non-parametric estimate of the association between the 
observed frequencies and the predicted probabilities for 
MPE. The receiver operating characteristics (ROC) curves 
and the corresponding area under the ROC curve (AUC) 
were calculated to test for discrimination. To ascertain the 
value of both models, we used the theoretical relationship 
between the threshold probability of having cancer and the 
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relative value of false-positive and false-negative results. For 
this purpose, the classification rule was defined as follows: 
each patient was classified as belonging to the cancer group 
for those predicted probabilities equal or higher than the 
selected threshold and otherwise negative. This meant that 
the subjects in whom the model predicted cancer and they 
did not have it, would be false negatives, whilst if the model 
does not predict cancer and they do have it, they would 
be false positives. To correct optimism bias, bootstrap 
techniques were used by calculating the corrected versions 
of the discrimination and misclassification measures. Finally, 
graphical calculation devices (nomograms) were developed 
using both prediction models.

Statistical analyses were carried out in R using the 
packages “MASS”, “rms”, and “pROC”. These packages are 
freely available at http://cran.r-project.org (28).

All patients signed the informed consent before any 
procedure was performed. The protocol was evaluated and 
approved by the Clinical Research Ethics Committee of 
Galicia (registry 2015/478).

Results

During the study period, 1,181 patients with PE were seen 
in our department [276 MPE (23.4%), 255 with diseases 
that cause transudative PE (21.6%), and 650 due to other 
entities that produce exudative PE (55%)]. A total of 281 
PE behaved as transudates, of which 26 (9.3%) were MPE. 
Table 1 shows the etiology of transudative PEs, and the 
origin of 26 MPE that behaved as transudates, as well as the 
total MPE (276 patients).

Appendix 3 illustrates the characteristics of 26 patients 
with transudative MPE and the most relevant findings 
are discussed. Table 2 shows clinical, radiological and 
analytical characteristics of patients with transudative PE 
according to the two groups that were classified (MPE 
and no-MPE). Concerning clinical-radiological variables, 
note that MPE are significantly younger (P=0.037), have 
more frequently left PE (P=0.027), more accompanying 
pulmonary lesions, more X-ray/CT findings suggestive 
of malignancy (P=0.000 for both), less dyspnea (P=0.009), 

Table 1 Etiology of transudates and origin of malignant pleural effusions

Etiology of transudates n Origin of transudative MPE n (%) Origin of all MPE n (%)

Congestive heart failure 219 Lung 12 (8.6) Lung 140 (50.7)

Hepatic hydrothorax 25 Breast 4 (10.0) Breast 40 (14.5)

Nephrotic syndrome 9 Lymphoma 5 (19.2) Lymphoma 26 (9.4)

Trapped lung 2 Chronic lymphocytic leukemia 1 (50.0) Ovary 10 (3.6)

Malignancy 26 Pancreas 1 (33.3) Stomach 10 (3.6)

Thyroid 1 (100.0) Colon 10 (3.6)

Sarcoma 1 (33.3) Mesothelioma 8 (2.9)

Colon 1 (10.0) Kidney 5 (1.8)

Liver 4 (1.5)

Pancreas 3 (1.1)

Sarcoma 3 (1.1)

Chronic lymphocytic leukemia 2 (0.7)

Melanoma 2 (0.7)

Prostate 1 (0.4)

Thyroid 1 (0.4)

Unknown 11 (4.0)

Total 281 26 Total 276

MPE, malignant pleural effusion.
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Table 2 Clinical, radiological, and analytical characteristics of the patients according to pleural fluid group

Variable MPE (n=26) No MPE (n=255) P

Males, n (%) 14 (53.8) 169 (66.3) 0.205

Age (years) 74 (63.8, 79.3) 78 (70.0, 84.0) 0.037

Smoking, n (%) 8 (30.8) 107 (42.0) 0.269

Laterality 0.027

Right 8 (30.8) 107 (42.0)

Left 12 (46.2) 57 (22.4)

Bilateral 6 (23.1) 91 (35.7)

Accompanying pulmonary lesion, n (%) 17 (65.4) 67 (26.3) 0.000

X-ray/CT compatible with malignancy* 23 (88.5) 22 (8.6) 0.000

Quantity

<1/3 of the hemithorax 11 (42.3) 118 (46.3)

>1/3–<2/3 8 (30.8) 109 (42.7) 0.058

>2/3 7 (26.9) 28 (11.0)

Dyspnea 19 (73.1) 230 (90.2) 0.009

Chest pain 9 (34.6) 53 (20.8) 0.105

General syndrome 8 (30.8) 36 (14.1) 0.026

Fever 5 (19.2) 44 (17.3) 0.800

Time evolution of PE (days) 14.5 (5.8, 34.8) 8 (4.0, 20.0) 0.091

Serosanguinous PF 12 (46.2) 20 (7.8) 0.000

PF red cell count (cells/µL) 10,000 (100.0, 42,500) 4,000 (10.0, 10,000) 0.079

PF total nucleated cell count (cells/µL) 850 (377.5, 1,267.5) 510 (250, 1,000) 0.062

PF polymorphonuclears (%) 21.5 (12.0, 34.3) 14 (6.0, 29.0) 0.134

PF lymphocytes (%) 56.5 (34.8, 76.0) 38 (25.0, 64.0) 0.040

PF glucose (g/dL) 140.5 (106.5, 202.3) 121 (105, 156) 0.163

PF cholesterol (mg/dL) 40 (31.5, 53.0) 31 (21.0, 40.0) 0.001

PF amylase (UI/L) 33 (13.5, 47.0) 24 (15.0, 36.0) 0.499

PF proteins (g/dL) 2.5 (2.1, 2.8) 2.2 (1.7, 2.6) 0.049

PF albumin (g/dL) 1.6 (1.2, 1.9) 1.3 (0.9, 1.6) 0.009

PF ADA (U/L) 18 (12.8, 28.0) 12 (9.0, 16.0) 0.000

PF IL-1 (pg/mL) 2 (2.0, 6.8) 2 (2.0, 2.0) 0.036

PF sIL-2R (U/mL) 2,237.5 (1,249.8, 5,287.8) 1,196 (730, 2,099) 0.000

PF IL-6 (pg/mL) 2,422.5 (627.3, 8,626) 1,587 (603, 3,283) 0.215

PF IL-8 (pg/mL) 63.4 (31.5, 515.0) 43 (28, 82.5) 0.067

PF TNF-α (pg/mL) 14.4 (7.6, 32.3) 12.1 (8.6, 19.2) 0.606

Table 2 (continued)
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Table 2 (continued)

Variable MPE (n=26) No MPE (n=255) P

PF CRP (mg/L) 1.18 (0.4, 2.4) 0.45 (0.16, 1.41) 0.004

PF CEA (ng/mL) 5 (2, 64.2) 0.7 (0.5, 1.4) 0.000

PF CA125 (U/mL) 695.5 (425.3, 1,086.3) 559.5 (346, 892) 0.197

PF CA15-3 (U/mL) 14.5 (7.9, 75.6) 4 (3.0, 7.0) 0.000

PF CA19-9 (U/mL) 2.5 (1.18, 8.9) 1.3 (0.6, 3.5) 0.018

PF NSE (ng/mL) 2.3 (0.26, 4.0) 1.5 (0.4, 2.3) 0.024

PF CYFRA 21-1 (ng/mL) 13.7 (8.7, 49.1) 6.9 (4.7, 14.4) 0.000

PF TPS (U/L) 946 (410.5, 2,654.8) 433 (245.0, 1,079.0) 0.014

PF NT-proBNP (pg/mL) 2,060 (715.0, 10,247) 3,940 (1,445, 13,458) 0.218

S CRP (mg/L) 4.9 (2.1, 9.8) 1.4 (0.5, 4.6) 0.001

S CEA (ng/mL) 5.7 (3.6, 41.9) 2.8 (1.8, 4.5) 0.000

S CA125 (U/mL) 180 (109.6, 267.3) 111 (58.0, 211.0) 0.009

S CA15-3 (U/mL) 39.4 (23.7, 90.3) 21 (15.0, 27.9) 0.000

S CA19-9 (U/mL) 16.6 (8.5, 30.5) 15 (7.3, 26.1) 0.308

S NSE (ng/mL) 13.8 (9.2, 27.8) 11.5 (7.9, 15.6) 0.058

S CYFRA 21-1 (ng/mL) 7.6 (2.7, 17.7) 2.7 (2.0, 4.5) 0.001

S TPS (U/L) 119.5 (72.3, 428) 96.4 (52.0, 174.0) 0.117

S NT-proBNP (pg/mL) 769.5 (428.4, 11,008.8) 4,427 (1,171, 14,373) 0.004

Albumin gradient (g/dL) 1.8 (1.3, 2.8) 2.2 (1.7, 2.6) 0.121

ADA, adenosine deaminase; CA125, cancer antigen 125; CA15-3, carbohydrate antigen 15-3; CA19-9, carbohydrate antigen 19-9; CEA, 
carcinoembryonic antigen; CRP, C-Reactive protein; CT, computed tomography; CYFRA 21-1, cytokeratin fragment 21-1; IL-1, interleukin-1; 
IL-6, interleukin-6; IL-8, interleukin-8; MPE, malignant pleural effusion; NSE, neuron-specific enolase; NT-proBNP, N-terminal pro-brain 
natriuretic peptide; PE, pleural effusion; PF, pleural fluid; sIL-2R, soluble interleukin-2 receptors; TNF-α, tumor necrosis factor-alpha;  
TPS, tissue polypeptide-specific antigen; *, presence of lung masses, pulmonary atelectasis, or mediastinal lymph node disease. Data 
expressed as median (25th percentile, 75th percentile).

more general syndrome (P=0.026) and more serosanguinous 
appearance (P=0.000). As regards analytical variables, 
MPE have significantly higher percentage of lymphocytes 
(P=0.04), cholesterol (P=0.001), proteins (P=0.049), albumin 
(P=0.009), adenosine deaminase (P=0.000), interleukin-1 
(IL-1) (P=0.036), soluble interleukin-2 receptor (P=0.000), 
C-reactive protein (P=0.004) and tumor markers in PF 
(the latter also in serum). On the other hand, N-terminal  
pro-brain natriuretic peptide levels in serum, but not in PF, 
were significantly lower (P=0.004).

The coefficients obtained in the regression analysis for 
the different models evaluated are set out in Table 3. The 
diagnostic performances of the clinical-radiological data 
and analytical data were evaluated using models 1 and 2, 

respectively. The variables finally selected were: PE side, 
malignancy X-ray/CT, dyspnea, serosanguinous appearance, 
and CEA. Both models showed a good calibration. The 
highest discrimination capacity for the diagnosis of MPEs 
was obtained with Model 2 [AUC =0.995; P=0.008, in 
comparison to Model 1 (AUC =0.973)]. The bootstrap 
corrected AUCs in both models (Model 1, AUC =0.965; 
Model 2, AUC =0.983) were slightly lower than the 
apparent AUCs, reflecting no optimism.

The ROC curves are shown in Figure 1, and in Figure 2 
the calibration graphs correspond to both models studied. 
The agreement between predicted probabilities and observed 
frequencies was excellent except at lower predicted probabilities 
where the observed frequencies were slightly higher.
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Figure 1 Areas under the ROC curves of the two models studied. ROC, receiver operating characteristics.

Figure 2 Calibration graphs of the two models studied.
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Table 3 Logistic regression models for diagnosing malignant aetiology in transudative pleural effusion

Side
Model 1 Model 2

Coefficients (SE) P value OR (95% CI) Coefficients (SE) P value OR (95% CI)

1=right 0.207 (0.833) 0.803 1.23 (0.24, 6.30) 2.033 (1.520) 0.181 7.64 (0.39, 150)

2=left 2.455 (0.959) 0.010 11.64 (1.78, 76.3) 5.576 (2.225) 0.012 264 (3.37, 20.7)

X-ray/CT (1=yes) 6.120 (1.220) <0.0001 454 (41.6, 4,964) 11.15 (3.247) <0.0001 69,906 [99, 49,329,890]

Dyspnea (1=yes) –1.666 (0.774) 0.031 0.189 (0.041, 0.862) –3.584 (1.528) 0.019 0.028 (0.001, 0.555)

Serosanguinous 
appearance (1=yes)

3.731 (1.113) <.0001 41.7 (4.71, 369) 3.731 (1.113) <0.0001 2,775 (19.5, 395,343)

Log10CEA, ng/mL – – – 4.326 (1.350) 0.001 75.7 (5.37, 1,066)

SE, standard error; OR, odds ratio; CI, confidence interval; HL, Hosmer-Lemeshov; images in chest X-ray/CT suggestive of malignancy; 
CEA, carcinoembryonic antigen. Model 1 included side, X-ray/CT, dyspnea and serosanguinous appearance. Intercept =−6.025, HL 
P=0.881, R2 =0.717, Brier =0.035, AUC =0.973*; Model 2 included side, X-ray/CT, dyspnea, serosanguinous appearance and CEA. 
Intercept =−13.172, HL P=1.000, R2 =0.879, Brier =0.015, AUC =0.995. *, P=0.008 for AUC comparisons with Model 2. 
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Figure 3 shows the nomograms corresponding to Models 1  
(Figure 3A) and 2 (Figure 3B). The weights of each one 
of the variables selected can be observed in these Figures 
and were the following. Model 1: left side, 40 points; 
malignancy X-ray/CT, 100 points; absence of dyspnea,  
27 points; serosanguinous appearance, 61 points. Model 2:  
left side, 14 points; malignancy X-ray/CT, 29 points; 
absence of dyspnea, 9 points; serosanguinous appearance, 
20 points and Log10CEA, between 11 and 100 points, for 
values of this marker comprised between −1 and 7 ng/mL. 
The probability of an MPE for a determined score is shown 
in the lower part of the picture.

In the online supplemental material (Appendix 4) an 
Excel calculator is included to facilitate application by 
clinicians to calculate the probability of malignancy in 
transudative PE, for each of the two models.

Table 4 shows the errors that are made (false positives 
and false negatives) for different cut-off points of the 
probabilities obtained after applying each one of the 
models. In this population, no false negatives were found 
for predicted probabilities lower than 11% and 14% 
in Models 1 and 2, respectively. However, on applying 
bootstrapping techniques, for not to find false negative 
results in 95% of possible samples, we would be required 
to use cut-off points for predicted probabilities of 3% and 
4%, respectively. 

Discussion

Our study confirms that both predictive models have a high 

Figure 3 Nomograms of the two models studied. (A) Nomogram corresponding to Model 1; (B) nomogram corresponding to Model 2.
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Table 4 False positives and false negatives of each model studied at 
different percentages of probabilities 

Probability 
threshold (%)

Model 1 Model 2

False 
positives

False 
negatives

False 
positives

False 
negatives

1 45 0 25 0

2 42 0 19 0

3 32 0 19 0

4 32 0 18 0

5 32 0 16 0

6 32 0 16 0

7 32 0 13 0

8 32 0 13 0

9 32 0 13 0

10 31 0 13 0

11 31 0 12 0

12 28 1 12 0

13 28 1 11 0

14 28 1 11 0

15 28 1 10 1

16 28 1 10 1

17 28 1 10 1

18 22 4 8 2

19 16 5 7 2

20 16 5 7 2
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discriminative value to predict an MPE and, therefore, 
to determine when we should perform cytology on a 
transudative PE.

Previous studies base the decision to perform cytology in 
the percentage of MPE that behave as transudates, which 
has led to some authors do not recommend performing 
cytology routinely (7,29), others do (8,9,12) and some 
suggest an intuitive approach (11) (Table 5). From our point 
of view, this approach is erroneous since, to make this 
decision, it must be from a scenario that will be found in 
the clinic, that is, is the PE a transudate or not, and it is, to 
know the conditions in which (which in our series is 9.3%), 
and a cytology must be requested in order not to delay 
the diagnosis too much, or subject the patient unnecessary 
examinations.

One relevant aspect is to know that an MPE can behave 

as a transudate, when all these cases should theoretically 
be exudates. Possible explanations could be: (I) in an initial 
state the accumulation of fluid could be due an obstruction 
of the lymphatic drainage by the tumor more than a direct 
infiltration of the pleura (2). In this circumstance, as the 
fluid that enters the pleural space is an ultrafiltrate with 
low protein levels, at least several weeks would be needed 
so that the proteins that are accumulated may be >50% of 
the serum concentration (30); (II) the PE is accumulated 
because there is another cause capable of producing a 
transudative PE, and is responsible for this, since a tumor 
that affects the pleura does not necessarily have to produce a 
PE (7). In many of the cases described in the literature, this 
second cause has been able to be demonstrated (7,10,11,13) 
(Table 5); and (III) the neoplasm and any of the previously 
mentioned causes contribute to the development of the 

Table 5 Summary of published studies with transudative malignant pleural effusions

Ref
MPE  
(M/W)

Age MPE  
(X; range) (years)

Transudates % Comments

(1) 43 1 2.3 Possible coexistence of CHF

(2) 46 8 17.4 Transudates defined as those with PF total proteins <3 g/dL

(3) 67 (40/27) 66 5 7.5 No comments about possible diseases that have contributed 
to the formation of pleural effusion

(4) 132 2 1.5 No comments about possible diseases that have contributed 
to the formation of pleural effusion

(5) 49 2 4.1 No comments about possible diseases that have contributed 
to the formation of pleural effusion

(6) 101 7 6.9 No comments about possible diseases that have contributed 
to the formation of pleural effusion

(7) 98 (42/56) 62 [27–85] 1 1 Coexistence of CHF

(8) 122 (64/58) 66 13 10.7 No comments about possible diseases that have contributed 
to the formation of pleural effusion

(9) 106 4 3.8 No comments about possible diseases that have contributed 
to the formation of pleural effusion

(10) 171 8 4.7 SVC obstruction [3]; DVT [2]; CHF [1]; RF [1]

(11) 100 (42/58) 66 [28–91] 2 2 Lung atelectasis [1]*

(12) 88 (41/47) 70,4 7 8 CHF [1]#

(13) 229 7 3 Mediastinal lymph nodes [4]; pericardial effusion [1]; SVC 
obstruction [1]; lung atelectasis [1]

(14) 112 62 [23–85] 4 3.6 CHF [2]; Possible trapped lung [1]

MPE, malignant pleural effusion; CHF, congestive heart failure; DVT, deep venous thrombosis; M, man; Ref, reference; RF, renal failure; 
SVC, superior vena cava; W, woman; X, mean; *, one patient cannot be studied; #, some of these patients are possibly included in the 
reference #6.
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PE. For all these reasons, it is difficult to establish in which 
circumstances cytology of the PE has to be performed on 
a transudate that could be due to the various mechanisms 
involve in the accumulation of the PE. The absence of 
clinical, radiological, and analytical data that suggests one of 
the diseases that commonly cause a transudate, they would 
be advised to request it, since in these circumstances tumor 
infiltration of the pleura could be the mechanism involved 
in its production. If other diseases are implicated in the 
appearance of the PE, the decision is more difficult to make. 
A lack of response, or a partial response to the treatment of 
these conditions, could indicate it. Finally, a good response, 
cannot rule out the presence of a neoplasm either, since 
there may be pleural involvement without giving rise to a 
PE (14). It is likely that these difficulties could contribute 
in that, up until now, there are no firm recommendations 
on those situations in which cytology is indicated in a 
transudative PE. 

For outcome prediction, we considered presence or 
absence of malignant etiology. In this context, the logistic 
regression model is the most widely used statistical 
technique for binary medical outcomes (26). When 
developing a prediction model, we want to quantify 
how good the predictions from the model are (model 
performance). For this purpose, we performed calibration, 
discrimination, and diagnostic accuracy. We also are 
interested in the validity of the predictions for new subjects. 
We performed bootstrap resampling to correct overfitting 
and quantify optimism. Our results showed no overfitting 
when estimating the discrimination indexes (26).

Model 1, intended to be applied in centers with 
limitations in performing specific tests in the PF, was 
constructed with the variables, laterality of PE, malignancy 
X-ray/CT, absence of dyspnea and serosanguinous 
appearance of PE, due to its greater predictive capacity in 
the univariate analysis. This model shows an AUC of 0.973 
and the variable with a greater discriminatory capacity is 
malignancy X-ray/CT (Table 3). The selected variables are 
consistent with the usually described clinical characteristics 
for MPE and for PE secondary to CHF, 85.9% of the 
non-MPE (219/251) of our series. In the PE due to CHF, 
dyspnea is practically a constant symptom, whilst in left 
PE it is rare (31). On the other hand, the MPEs frequently 
have a serosanguinous appearance, and radiological 
images suggestive of malignancy are a predictive variable 
of MPE (32). Thus, the absence of dyspnea, left PE, 
radiological images suggestive of malignancy and a fluid of 
serosanguinous appearance, each one with their respective 

weighting, will be what will determine the greater 
probability that a transudative PE is malignant.

Model 2, intended to be applied in hospitals with less 
restrictions in requesting biochemical tests in PF, it is 
constructed with the same clinical-radiological variables 
of Model 1 with the addition of the analytical variable 
Log10CEA. CEA was chosen, because it is the most 
extensively studied (33) and also showed a greater predictive 
capacity in the univariate analysis [AUC: 0.887 (0.829, 
0.946)] than the other biomarkers (data not shown). This 
model shows an AUC of 0.995, significantly better than the 
Model 1 (P=0.008).

One crucial aspect is to decide the cut-off point for the 
probability in which we will indicate performing cytology. 
This decision is determined in this case by two aspects: 
(I) error rate (false positives and false negatives, Table 4) 
that we are able to assume; and (II) the economic cost of 
cytology. As this is a cheap test, it is preferable to avoid false 
negatives at the expense of an increase in false positives, 
especially if were consider that in nowadays treatments to 
neoplasm are more available. For Model 1, and assuming 
that there is no over-optimism, a possible cut-off point for 
the probability would be 10%, as no false negative would be 
obtained, with 31 false positives. With Model 2, of higher 
performance, the cut-off point would be 14%, with only 
11 false positives and no false negatives. With the aim of 
avoiding over-optimism bias, due to having evaluated the 
performance of the predictive models from our own sample, 
we have used bootstrapping techniques so that it may be 
applied to different samples. With this, we may establish, 
with a 95% confidence interval, that by applying these 
predictive models to new patients, we will not find false 
negative results. This requires lowering the cut-off points 
for the predicted probabilities to 3% and 4% in Models 
1 and 2, respectively. The number of errors with these 
probabilities are 32 and 18 false positive results, respectively. 
This assumes that cytology should be performed on those 
patients, who, on adding the scores of each variable, obtain 
a score of 69 points, if we apply Model 1 (Figure 3A), or 92, 
if we use Model 2 (Figure 3B).

The main limitation of this study is the small number 
of patients included with a transudative MPE, although 
it should be taken into account that is the largest series 
published up until now. Another limitation is that both 
predictive models are constructed based on patients 
recruited in a single center. It will be necessary to validate 
these results with multicenter studies involving a higher 
number of patients, including geographic areas with higher 
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prevalence of tuberculous than malignant pleural effusions 
(MPEs), although tuberculous pleural effusions are very 
rarely transudates (34)”.

In summary, two applied models have a high value to 
predict when a transudative PE may be of neoplastic origin, 
being superior to that of adding an analytical variable to 
the clinical-radiological variables. These results suggest 
that both models should be applied to all patients with 
transudative PE and cytology should be indicated in all 
patients with a probability of an MPE of 3%, if Model 1 is 
applied, or 4%, if Model 2 is applied.
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