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Background/Aims: Pleural fluid adenosine deaminase (ADA) levels are useful in discriminating tuberculous pleural effusions
(TPEs) from malignant pleural effusions (MPEs). However, some patients with MPE exhibit high-ADA levels, which may mimic
TPEs. There is limited data regarding the differential diagnosis between high-ADA MPE and high-ADA TPE. This study aimed
to identify the predictors for distinguishing high-ADA MPEs from high-ADA TPEs.

Methods: Patients with TPE and MPE with pleural fluid ADA levels > 40 IU/L were included in this study. Clinical, laboratory,
and radiological data were compared between the two groups. Independent predictors and their diagnostic performance for
high-ADA MPEs were evaluated using multivariate logistic regression analysis and receiver operating characteristic curve.
Results: A total of 200 patients (high-ADA MPE, n = 30, and high-ADA TPE, n = 170) were retrospectively included. In the
multivariate analysis, pleural fluid ADA, pleural fluid carcinoembryonic antigen (CEA), and pleural nodularity were indepen-
dent discriminators between high-ADA MPE and high-ADA TPE groups. Using pleural ADA level of 40 to 56 IU/L (3 points),
pleural CEA level > 6 ng/mL (6 points), and presence of pleural nodularity (3 points) for predicting high-ADA MPEs, a sum
score > 6 points yielded a sensitivity of 90%, specificity of 96%, positive predictive value of 82%, negative predictive value
of 98%, and area under the receiver operating characteristic curve of 0.965.

Conclusions: A scoring system using three parameters may be helpful in guiding the differential diagnosis between high-
ADA MPEs and high-ADA TPEs.

Keywords: Adenosine deaminase; Carcinoembryonic antigen; Malignant pleural effusions; Pleural nodularity; Pleural tuber-

culosis

INTRODUCTION

The determination of pleural fluid adenosine deaminase
(ADA) levels has acquired popularity as an adjunct diagnos-
tic tool for the identification of tuberculous pleural effusions
(TPEs), especially in tuberculous (TB) endemic areas [1,2].
High-ADA levels in TPEs are useful in the differentiation from
malignant pleural effusions (MPEs), which usually have low
ADA levels [3-5]. However, some patients with MPE exhibit
high-ADA levels [6,7], which may mimic TPEs. Routine mi-
crobiological and cytological tests from pleural fluid provide
limited diagnostic yields [8,9]. Thus, MPEs with high-ADA
levels may be clinically misdiagnosed as TPE and exposed to
unnecessary toxic anti-TB drugs unless other confirmatory
or appropriate evidences are provided [10,11].

Various biological markers have been determined in many
studies to aid the differential diagnosis between overall TPEs
and MPEs [3,5]. However, limited data are available regard-
ing the differential diagnosis between TPEs and MPEs with
high-ADA levels. This study aimed to identify predictors for
discriminating MPEs with high-ADA levels from TPEs with
high-ADA levels.
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METHODS

Patients

This study was conducted at Kyungpook National University
Hospital, a tertiary referral hospital in South Korea, in an
area with intermediate prevalence of active TB [12]. We ret-
rospectively reviewed the records of all consecutive patients
who were diagnosed with MPEs between January 2010 and
June 2019. Of these patients, those with confirmed MPE
secondary to solid tumor and pleural fluid ADA levels > 40
IU/L, the most widely used cutoff value for a presumptive
diagnosis of TPE [2], were included in the high-ADA MPE
group. In the same study period, patients with confirmed
and high-ADA TPE were classified as the high-ADA TPE
group.

Following analysis with the initial study population, to vali-
date a clinical prediction scale, patients with confirmed MPE
and TPE with high pleural fluid ADA levels between July
2019 and February 2020 were consecutively retrospectively
enrolled and comprised a validation cohort.

Diagnostic criteria

Diagnosis of MPE was confirmed if malignant cells were
identified in the pleural fluid or pleural biopsy tissue [13].
TPE was confirmed if one of the following criteria was met
in patients with pleural effusions: (1) positive culture or poly-
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merase chain reaction (PCR) for Mycobacterium tuberculosis
in the pleural fluid, pleural tissue, sputum, or bronchial as-
pirate and (2) pathologically chronic granulomatous inflam-
mation with caseous necrosis in the pleural biopsy tissue
and no evidence of other granulomatous diseases [14].

Data collection and determination of biologi-
cal markers

Demographic, clinical, hematological, radiological, and
pleural fluid data were obtained from patients in the
respective groups. Blood and pleural fluid profiles per-
formed on the same day were analyzed. Pleural fluid ADA
activity was measured in a routine clinical setting using
an automated calorimetric assay kit (Runpia Liquid ADA,
Kyokuto Pharmaceutical Industrial Co. Ltd., Tokyo, Japan)
as described in the package insert. Pleural fluid carci-
noembryonic antigen (CEA) levels were determined using
a radiometric immunoassay on the CEA-RIACT Model 10
(Cisbio Bioassays, Codolet, France). Radiological findings,
including the amount and loculation of pleural effusion
and presence of consolidation, lung nodule/mass, cavi-
ty, and pleural nodules, were evaluated. Chest radiogra-
phy and conventional chest computed tomography (CT),
which were routinely performed before diagnostic thora-
centesis, were reviewed by a board-certified radiologist
and pulmonologist who were blinded to the patient’s
clinical history and final diagnosis. Pleural nodules were
defined as focal pleural thickening > 2 mm with nodular
contour [15]. The study protocols were approved by the

2010-2019 Patients diagnosed with MPE (n = 466)

Not confirmed MPE
(n=179)

Confirmed MPE
(n=287)

Excluded:
204 Low-ADA MPE (< 40 1U/L)
11 Hematologic MPE
24 Contrast-chest CT unavailable
16 Pleural CEA data unavailable
2 Pleural ADA data unavailable

-

High-ADA (= 40 IU/L)
MPE (n = 30)

KJIM™

Institutional Review Board of Kyungpook National Uni-
versity Hospital (IRB No. 2020-05-007). Informed consent
was waived because of the retrospective nature of the
study.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows version 22.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as median (interquar-
tile range), and differences between groups were analyzed
using the t test or Mann-Whitney U test. Categorical vari-
ables were expressed as absolute values and percentages
and analyzed using the chi-square test or Fisher’s exact test.
To identify independent predictive variables for high-ADA
MPE, variables with p values < 0.05 in the univariate analysis
were included in the multivariate logistic regression analysis.
Receiver operating characteristic (ROC) curves were con-
structed to determine optimal cutoff values for the predic-
tion of high-ADA MPE. Diagnostic accuracy was assessed
using the area under the ROC curve (AUC). The correlation
between pleural fluid biomarkers and pleural nodularity was
assessed using Pearson’s correlation coefficient.

RESULTS

Of 466 consecutive patients diagnosed with MPE during
the study period, 287 were confirmed to have MPE. Of
these patients, those with low ADA levels (< 40 IU/L) (n =

2010-2019 Patients diagnosed with TPE (n = 422)

Not confirmed TPE
(n=166)
Confirmed TPE
(n = 256)
Excluded:

23 Low-ADA TPE (< 40 IU/L)
—————| 25 Contrast-chest CT unavailable
37 Pleural CEA data unavailable
1 Mixed with MPE

High-ADA (= 40 IU/L)
TPE (n=170)

Figure 1. Flowchart of the study population. MPE, malignant pleural effusion; TPE, tuberculous pleural effusion; ADA, adenosine deami-

nase; CT, computed tomography; CEA, carcinoembryonic antigen.
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204) and hematological malignancy (n = 11) and without
available contrast-enhanced chest CT findings (n = 24),
pleural fluid CEA level (n = 16), and pleural fluid ADA
level (n = 2) were excluded. A total of 30 patients were
assigned in the high-ADA MPE group (Fig. 1). These pa-
tients with MPE were diagnosed using cytology (n = 21)
and pleural biopsy (n = 9). Most MPEs originated from
lung cancer (n = 27): adenocarcinoma (n = 20), squamous
cell carcinoma (n = 3), large cell carcinoma (n = 1), and
non-small cell carcinoma (n = 3). Remaining three cases
of MPEs included one malignant mesothelioma, one he-
patocellular carcinoma, and one unknown primary site.

In the same study period, 170 patients with confirmed
TPE (positive M. tuberculosis culture [n = 157], positive TB-
PCR [n = 7], and pleural tissue histology [n = 6]) who had
available pleural fluid data and contrast-enhanced chest CT
were included in the high-ADA TPE group (Fig. 1).

Comparison of clinical, laboratory, and radio-
logical data between the high-ADA MPE and
high-ADA TPE groups
The median age in the high-ADA MPE and high-ADA TPE
groups was 74 and 67 years, respectively, with significant
difference (p = 0.001) and 67% of the patients in both
groups were men. The frequency of fever > 37.5°C was
higher in the TPE group than in the MPE group (50% vs.
10%, p < 0.001), while past TB history and weight loss were
not significantly different between the two groups (Table 1).
Serum C-reactive protein levels were significantly higher
in the TPE group than in the MPE group (6.2 mg/dL vs. 3.2
mg/dL, p = 0.002). Conversely, serum albumin levels were
significantly lower in the TPE group (3.4 g/dL vs. 3.7 g/dL, p
=0.018). Pleural fluid lactate dehydrogenase and CEA levels
were significantly higher in the MPE group than in the TPE
group (lactate dehydrogenase, 1,338 U/L vs. 612 U/L, p =
0.021; CEA, 39 ng/mL vs. 1 ng/mL, p < 0.001), whereas
pleural fluid ADA levels were significantly higher in the TPE
group than in the MPE group (93 IU/L vs. 49 IU/L, p < 0.001).
In the radiological findings, loculated effusions and con-
solidative and cavitary lesions were significantly higher in
the TPE group than in the MPE group (loculation, 27 % vs.
3%, p = 0.005; consolidation, 41% vs. 13%, p = 0.004;
cavity, 14% vs. 0%, p = 0.029). However, the number of
pleural nodules was significantly larger in the MPE group
than in the TPE group (73% vs. 11%, p < 0.001).
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Multivariate analysis and weighted score for
predicting MPE between the high-ADA MPE
and high-ADA TPE groups

Clinical, laboratory, and radiological parameters presenting
significant difference between the two groups (Table 1)
were further analyzed by logistic regression test. Continuous
variables were converted to categorical variables using cut-
off points determined by ROC curves. The multivariate anal-
ysis selected three as being predictive of malignancy (Table
2). Using the magnitude of the B-coefficient, the weighted
score of three parameters was established as follows: pleu-
ral fluid ADA level of 40 to 56 IU/L (3 points), pleural fluid
CEA level > 6 ng/mL (6 points), and pleural nodularity (3
points). Fig. 2 shows the distribution of pleural fluid ADA
and CEA levels and presence of pleural nodularity in the
two groups. In the correlation analysis between predictors
of malignancy, there was no significant correlation between
these factors in the two groups (Table 3).

Diagnostic performance of scoring system
using independent predictors

Table 4 shows the diagnostic performance based on the sum
of predictive scores. At the best cutoff value of > 6 points,
the scoring system yielded 90% sensitivity (95% confidence
interval [Cl], 72 to 97), 96% specificity (95% Cl, 92 to 99),
82% positive predictive value (PPV) (95% Cl, 64 to 92), and
98% negative predictive value (NPV) (95% Cl, 94 to 100).
The ROC curve had an AUC of 0.965 (p < 0.001). The AUC
using single predictor or any combination of two predictors
was lower than that using this scoring system (data not
shown). A score > 6 was related to the following: (1) pleural
fluid CEA level > 6 ng/mL, regardless of other predictors,
and (2) presence of pleural nodularity and pleural fluid ADA
level of 40 to 56 IU/L, in conjunction with pleural fluid CEA
< 6 ng/mL. Cases with all three predictors showed 100%
specificity and PPV. Two-thirds of patients with high-ADA
MPE had at least 9 points (67% sensitivity), whereas those
with none or either pleural nodularity or ADA level of 40 to
56 IU/L alone were less likely to have high-ADA MPE (PPV
< 43%).

The small validation cohort comprised 20 patients with
confirmed high-ADA MPE (n = 4) and high-ADA TPE (n =
16). Using the cutoff of > 6 points by our scoring system,
diagnostic performance showed 100% sensitivity (95% Cl,
40 to 100) and 94% specificity (95% Cl, 68 to 100).
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Table 1. Comparisons of clinical, laboratory, and radiological data between the high-ADA MPE and high-ADA TPE groups

Variable High-ADA MPE (n = 30) High-ADA TPE (n = 170) p value
Demographic
Age, yr 74 (62-80) 67 (47-77) 0.001
Male sex 20 (67) 113 (67) 0.983
Ever-smoker 18 (60) 92 (54) 0.550
Clinical
Past TB history 3(10) 19 (11) 1.000
Past chemotherapy 103) -
Fever > 37.5°C 3(10) 85 (50) < 0.001
Weight loss 8 (27) 45 (27) 0.982
Hematological
WBC count, cell/uL 7,310 (6,178-8,308) 6,400 (5,160-8,450) 0.125
S-CRP, mg/dL 3.2 (0.6-6.0) 6.2 (2.9-10.1) 0.002
Albumin, g/dL 3.7 (3.3-4.0) 3.4(3.0-3.7) 0.018
Pleural fluid
WBC count, cell/uL 1,979 (851-5,400) 1,484 (750-3004) 0.166
MNL, % 87 (64-92) 91 (75-98) 0.193
pH 7.40 (7.26-7.44) 41 (7.37-7.46) 0.074
Protein, g/dL .3(4.8-5.6) 9 (4.5-5.4) 0.121
Glucose, mg/dL 96 (31-128) 96 (71-123) 0.550
LDH, U/L 1,338 (267-2,401) 612 (373-1,046) 0.021
ADA, IU/L 49 (44-55) 93 (70-113) <0.001
CEA, ng/mL 39 (5-443) 1(1-2) < 0.001
Radiological
Chest radiography
Large amount 6 (20) 13 (8) 0.045
Bilateral 2 (7) 18 (11) 0.805
Loculated 1(3) 45 (27) 0.005
Chest CT
Consolidative 4(13) 70 (41) 0.004
Nodule/mass 18 (60) 113 (67) 0.492
Cavity 0 23 (14) 0.029
Pleural nodularity 22 (73) 19 (11) < 0.001

Values are presented as median (interquartile range) or number (%).
ADA, adenosine deaminase; MPE, malignant pleural effusion; TPE, tuberculous pleural effusion; TB, tuberculosis; WBC, white blood cell
S-CRP, serum C-reactive protein; MNL, mononuclear leukocyte; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen; CT, comput-

ed tomography.

DISCUSSION

The main findings of the present study were as follows: (1)
pleural fluid ADA level, pleural fluid CEA level, and pleural
nodularity were independent discriminators between high-

https://doi.org/10.3904/kjim.2020.246

ADA MPEs and high-ADA TPEs; (2) using a scoring system,
a sum score > 6 points yielded a sensitivity of 90%, a speci-
ficity of 96%, a PPV of 82%, and a NPV of 98% in discrimi-
nating high-ADA MPEs from high-ADA TPEs. These findings
may be helpful in making clinical decisions regarding the
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Table 2. Univariate and multivariate analyses and weighted score for predicting MPE between the high-ADA MPE and high-
ADA TPE groups

Variable Univariate Multivariate
Odds ratio (95% Cl) p value Odds ratio (95% Cl) p value B Score

Age > 66 years 2.33(1.01-5.39) 0.047

Fever (+) 0.11 (0.03-0.38) < 0.001

S-CRP > 4.0 mg/dL 0.26 (0.11-0.59) 0.001

S-albumin > 3 .3 g/dL 1.84 (0.75-4.53) 0.186

Pleural LDH > 1,040 U/L 3.86 (1.73-8.60) 0.001

Pleural ADA < 56 IU/L 58.50 (18.23-187.71) < 0.001 29.39 (4.39-196.58) < 0.001 3.38 3
Pleural CEA > 6 ng/mL 77.00 (23.57-251.54) <0.001 237.07 (13.34-4,214.86) < 0.001 5.51 6
Large amount of effusion 3.02 (1.05-8.70) 0.041

Consolidation (+) 0.22 (0.07-0.66) 0.007

Cavity (+) 0.00 (0.00—c0) 0.998

Loculated pleural effusion (+) 0.10 (0.01-0.72) 0.023

Pleural nodularity (+) 21.86 (8.54-55.91) < 0.001 22.88 (3.05-171.42) 0.002 3.13 3

The Hosmer and Lemeshow statistic was used for the goodness of fit of the model: x? = 1.561 based on five degrees of freedom, p = 0.906.
MPE, malignant pleural effusion; ADA, adenosine deaminase; TPE, tuberculous pleural effusion; Cl, confidence interval; S-CRP, serum C-re-
active protein; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen.

Pleural nodules (+)

% EEEEEE Pleural nodules (-)
300 . 2500 - . 100 -
= 200+ E 207
= (=2}
< =
B =S
o
100 107
0 T T 0 | 100 T T

High ADA  High ADA High ADA  High ADA High ADA  High ADA
MPE TPE E MPE TPE MPE TPE

Figure 2. (A) Distribution of pleural fluid adenosine deaminase (ADA) levels in patients with high-ADA malignant pleural effusion (MPE)
and high-ADA tuberculous pleural effusion (TPE). Black solid and red dotted lines indicate 56 and 40 IU/L, respectively. (B) Distribution of
pleural fluid carcinoembryonic antigen (CEA) levels in patients with high-ADA MPE and high-ADA TPE. Black solid line indicates 6 ng/mL. (C)
Proportion of pleural nodularity on chest computed tomography in patients with high-ADA MPE and high-ADA TPE.

differential diagnosis between TPEs and MPEs with high-
ADA levels.

Pleural fluid ADA levels > 40 IU/L were found in approxi-
mately 10% of patients with MPE secondary to solid tumor
[6,7]. However, specific characteristics of patients with MPE
associated with high-ADA levels have not been identified.
High-ADA levels in lymphocytic exudates may lead to pre-
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sumptive misdiagnosis for TPE, especially in TB endemic ar-
eas. In fact, six of our 30 patients with high-ADA MPE were
initially misdiagnosed as TPE because of delayed cytology
results and early discharge on the day of thoracentesis in the
emergency room. In the application of our scoring system,
27 of 30 patients with a high-ADA MPE had at least 6 points
and four of six patients with MPE misdiagnosed with TPE
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Table 3. Pearson’s correlation coefficients between pleural fluid adenosine deaminase, pleural fluid carcinoembryonic anti-
gen, and pleural nodularity

High-ADA MPE (n = 30) High-ADA TPE (n = 170)

Variable

ADA CEA ADA CEA
ADA 1.00 1.00
CEA -0.10 1.00 0.06 1.00
Pleural nodularity 0.32 -0.03 -0.05 0.07

ADA, adenosine deaminase; MPE, malignant pleural effusion; TPE, tuberculous pleural effusion; CEA, carcinoembryonic antigen.

Table 4. Diagnostic performance of the scoring system for predicting malignant pleural effusions

Score H|gh—A;D§\ O')\APE u ng(::A%AOIPE Sensitivity, % Specificity, % PPV, % NPV, %
>0 30 170 100 (86-100) 0(0-3) 5(11-21) oo

>3 29 39 97 (81-100) 77 (70-83) 43 (31-55) 9 (95-100)
>6 27 6 90 (72-97) 96 (92-99) 82 (64-92) 98 (94-100)
>9 20 1 67 (47-82) 99 (96-100) 95 (74-100) 4 (90-97)
=12 14 0 47 (29-65) 100 (97-100) 100 (73-100) 91 (86-95)

Values are presented as number or percentage (95% confidence interval). The receiver operating characteristic curve had an area under
the curve of 0.965 (p < 0.001) for the prediction model.
ADA, adenosine deaminase; MPE, malignant pleural effusion; TPE, tuberculous pleural effusion; PPV, positive predictive value; NPV, nega-

tive predictive value.

had also at least 6 points. One patient with score < 6 points
was finally diagnosed with malignant mesothelioma.
Several studies have discovered pleural abnormalities on
CT suggesting malignancy [15-19]. Pleural abnormalities
are more direct findings than lung lesions associated with
pleural effusions. Of these CT findings, pleural nodularity is
a sensitive and specific feature similar to or better than oth-
er pleural CT findings in the diagnosis of MPE [16-18]. Our
results confirmed that pleural nodularity was a useful find-
ing in the prediction of MPE. Additionally, the addition of
pleural nodularity to pleural fluid ADA and CEA predictors
for high-ADA MPE increased the AUC from 0.942 to 0.965.
However, 11% of patients with TPE also showed pleural
nodularity. Our findings in the largest population with con-
firmed TPE are in line with a previous study [15]. Thus, these
results suggest that cautious interpretation of pleural nod-
ularity should be conducted [19]. The present study did not
include other pleural CT features suggesting malignancy,
such as circumferential pleural thickening, parietal pleural
thickening > 1 cm, and mediastinal pleural involvement [15-

https://doi.org/10.3904/kjim.2020.246

19]. Although combining other pleural CT findings may pro-
vide better discrimination between malignant and benign
diseases, this may be more complex and more dependent
on subjective radiological findings.

In contrast to pleural nodularity, pleural fluid high-ADA
levels generally suggest TPE [20,21]. The present study
revealed that most patients in the high-ADA MPE group
showed modest increase in ADA levels, whereas most pa-
tients in the high-ADA TPE group had relatively higher ADA
levels (Fig. 2A). Thus, differential diagnosis between MPE
and TPE patients with modestly increased ADA levels may
be more challenging and requires more attention. Howev-
er, our results showed that patients with MPE would more
likely have additional predictors (i.e., increased CEA levels
or pleural nodularity), whereas patients with TPE are less
likely to have other predictors (Table 3 and Fig. 2B and
2C). Thus, patients with ADA predictor alone would be
more likely to have TPE (Table 4).

Multivariate analysis showed that pleural fluid CEA lev-
el increase was a stronger predictor for MPE than modest
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pleural fluid ADA level increase (40 to 56 IU/L) and pleu-
ral nodularity, resulting in assigning a high score (6 points).
The presence of any additional predictor in conjunction with
increased CEA levels strongly suggests MPE. This may be
partly explained by TPE showing lower false-positive rates
for the increase in CEA level than other benign effusions,
such as complicated parapneumonic effusion or empyema,
which are the main causes of the false-positive increase in
CEA level in non-MPEs [22,23]. In fact, in this study, only
five (3%) patients with TPE exceeded a CEA level of 6 ng/
mL (Fig. 2B). However, pleural fluid CEA levels show little
or no elevation in malignant mesotheliomas, lymphomas,
and some histological types, including squamous or small
cell carcinomas [13,24,25]. Pleural nodularity and ADA lev-
els may play a role in such cases. In this study, six of nine
patients with high-ADA MPE with a CEA level < 6 ng/mL
had concurrent modest ADA level increase and pleural nod-
ularity.

The present study had several limitations. First, it was a
retrospective study performed in a single center with a small
population of patients with high-ADA MPE. The results
should be fully validated in other large populations. Howev-
er, our results suggest that clinician should be on the alert
to the potential of MPE in lymphocytic exudates with high-
ADA levels. Although there were few patients with misdiag-
nosis of MPE and wrong treatment, these patients might be
more frequent than the number represented, considering
that only confirmed patients with MPE were included in this
study and those cases may not be less frequent in general
hospitals other than tertiary referral hospitals, particularly in
TB-prevalent countries. Our scoring system may reduce the
risk of misdiagnosis as false TPE in patients with high-ADA
MPE. Second, this study was performed on patients with
only TPE and MPE. Other benign diseases and hematologi-
cal malignancies can also show high-ADA levels. Thus, our
results should be cautiously interpreted and cannot extrap-
olate to the general population with high-ADA pleural ef-
fusion.

In conclusion, pleural fluid ADA levels > 40 IU/L were of-
ten observed in MPEs secondary to solid malignancy, and
simple scoring system, which includes pleural fluid ADA lev-
el, pleural fluid CEA level, and pleural nodularity, may be
useful in guiding the differential diagnosis between high-
ADA MPEs and high-ADA TPEs.
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KEY MESSAGE

1. Lymphocytic exudates with pleural fluid adenosine
deaminase (ADA) levels > 40 IU/L often existed in
malignant pleural effusion (MPE) cases secondary
to solid tumor.

2. Pleural fluid ADA level of 40 to 56 IU/L (3 points),
pleural fluid carcinoembryonic antigen level > 6 ng/
mL (6 points), and the presence of pleural nodular-
ity (3 points) were independent predictors in the
differentiation of high-ADA MPEs from high-ADA
tuberculous pleural effusions.

3. Using a scoring system, a sum score > 6 points
yielded a sensitivity of 90% and specificity of 96%,
with an area under the ROC curve of 0.965.
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