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Introduction
Body fluids, including pleural, peritoneal (ascites), pericardial, and ce-
rebrospinal effusions, consist of testing parameters which provide di-
agnostic values by examining the biochemical analytes and cellular 
components, such as infiltrating benign and malignancy cells [1,2]. The 
evaluation of the cellular compositions in these specimens is performed 
in either the hematology laboratory or the cytology laboratory or both, 
on the samples which were concomitantly collected but independently 
processed. The hematology expertise of medical technologists provides 
primarily reports based on absolute and differential hematological cell 
counts in the paired specimen of body fluid and peripheral blood, and 
screens for any suspicious malignant cells of other tumor types along 
with hematological lineage of differential precursors. Meanwhile, the 
cytology expertise of pathologists centrally checks for the presence of 
malignancy at a diagnostic-level rather than at a screening-level, yielding 
various sensitivities as reported; for example, an average of around 70% 
in detecting malignant cells in pleural fluid [3] and 40-65% in peritone-
al fluid [4]. The diagnostic yields for malignancy by cytology might vary 
due to personnel skills and likewise depend on tumor and effusion types 
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[5,6]; for example, a high sensitivity of > 95% in carcinoma in peritoneal 
fluids [4], but low sensitivities of < 50% in lymphomas, and < 25% in sar-
comas and mesotheliomas in pleural fluids [3]. 

Closely distinct sample processes of body fluid in the hematology 
and cytology laboratories are applied with sodium citrate or heparin 
serving as anticoagulants and the cytospin methodology to concentrate 
scant cells. The medical technologists in the hematology laboratory ex-
amine the cells which are widely stained with Romanowsky dyes (Wright, 
Giemsa and Liu’s stain) [7,8], whereas the pathologists in the cytology 
laboratory perform morphological observation upon the cells with Pa-
panicolaou stain [9]. Furthermore, the hematology laboratory runs for 
24 hours per day and usually presents the screening reports earlier than 
the diagnostic reports from the cytology laboratory on the sample dupli-
cates. Since the body fluid malignancy has not yet been fully detectable 
merely by cytology laboratory service, it is worthy to investigate the pos-
sibility of compensation with the results from the hematology laboratory. 
In this study within a hospital, the performance for finding positive body 
fluid malignancy in the hematology laboratory was evaluated and com-
pared with that of the cytology laboratory. 
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Materials and Methods
Study Design
This study was designed retrospectively to assess and compare the per-
formance of detecting body fluid malignancy by the hematology labo-
ratory and the cytology laboratory of National Cheng Kung University 
Hospital (NCKUH). The cases were recruited from the consecutive body 
fluid specimen duplicates submitted for testing in the NCKUH hematol-
ogy and cytology laboratories during 2015 to 2016. The exclusion crite-
ria were the specimens that were inadequate for both examinations, 
and the cases that were incomplete for follow-up. The types of body 
fluid and reports of body fluid malignancy were recorded independent-
ly. The final diagnosis on the patient’s malignancy was then combined 
with the reports of further diagnostic services with positron emission 
tomography, computed tomography, histological examinations of bi-
opsy, and bone marrow aspiration, as requested thereafter within 6 
months. The study was approved by the Institutional Review Board of 
National Cheng Kung University Hospital vide no. B-ER-107-06 for data 
collection and analysis under waived informed consent from individual 
patients.

Morphological Examination and Reporting
The body fluid specimens were collected either in the absence or in the 
presence of an anticoagulant agent, such as heparin. In NCKUH hema-
tology laboratory, the samples were analyzed with automated complete 
cell counter (LH750, Beckman Coulter, Brea, CA) to determine the abso-
lute and differential blood cell numbers; meanwhile, also mounted on a 
slide by cytospin centrifugation (Shandon cytospin 3, Thermo Scientific, 
Waltham, MA) and then visualized under microscopy with Liu’s stain to 
determine the hematological lineage of differential stages of blood cells 
and concomitantly with other solid-cancer originated malignant cells. The 
finding of body fluid malignancy was remarked along with the differential 
count of blood cells in the report. In NCKUH cytology laboratory, the body 
fluid specimens were subjected to cytospin centrifugation, followed by 
Papanicolaou stain, and then the morphological results were graded as 
negative, atypical, suspicious or positive for malignancy.

Statistical Analysis
The agreement of body fluid malignancy between the NCKUH hematology 
laboratory and cytology laboratory was assessed by Kappa statistics and the 
differences between the groups were evaluated by chi-square test. The sta-
tistical analysis was conducted using SPSS software (V.19.0; SPSS, Chicago, IL).

Results
In a total of 248 body fluid samples, the matched reports of malignancy 
were 105 (42.3%) positive and 106 (42.7%) negative in both hematolo-
gy and cytology laboratories. Discrepancy was shown in 21 (8.5%) sam-
ples which were hematology-positive/cytology-negative and in 16 (2.4%) 
samples which were hematology-negative/cytology-positive. The results 
shown in Table 1 suggested that the reports of malignancy from NCKUH 
hematology laboratory and cytology laboratory might agree substantially 
(Kappa = 0.70, 95% confidence intervals = 0.61-0.79).

As stratified by sample types, the 248 effusions consisted of 191 
(77.0%) pleural fluids, 50 (20.1%) ascites, 4 (1.6%) pericardial fluids, and 
3 (1.2%) cerebrospinal fluids. The breakdown findings with malignancy 
in the 4 sample types by NCKUH hematology laboratory and cytology 
laboratory were displayed in Table 2, showing no significant differences 
between the groups of pleural fluid and non-pleural fluids (P = 0.140). 

The patients were then checked within 6 months by the other di-
agnostic services of positron emission tomography, computed tomogra-
phy, histological examinations of biopsy, and bone marrow aspiration to 
confirm malignancy. Among the total of 248 patients, malignancy was 
confirmed in 141 and 107 were without malignancy. The yielding of sen-
sitivity, specificity, positive prediction value and negative prediction value 
were 89.4%, 100.0%, 100.0% and 87.7% respectively for the hematology 
laboratory, and 85.8%, 99.1%, 99.2% and 84.1% respectively for the cytol-
ogy laboratory, as shown in Table 3. The results (Table 3) displayed that 
the NCKUH hematology laboratory reported 15 false negative cases but 
no false positive, while the cytology laboratory reported 20 false negative 
cases and 1 false positive. Taken together, the survey in this study indi-
cated that the NCKUH hematology laboratory could reach a comparable 
diagnostic competency similar to that of the cytology laboratory.

Table 1. Reports of Malignancy in Body Fluid by NCKUH Hematology and Cytology Laboratories (N=248)

Hematology Laboratory
Cytology Laboratory 

Positive (N=121) Negative (N=127)
Kappa (95% Confidence  

Intervals) 

Positive (N=126) 105 (42.3%) 21 (8.5%) 0.70 (0.61-0.79)

Negative (N=122) 16 (2.4%) 106 (42.7%)

NCKUH, National Cheng Kung University Hospital.

      
Table 2. Comparisons of the Findings with Malignancy in Four Body Fluid Sample Types by NCKUH Hematology and Cytology Laboratories (N=248)

Sample Types

Reports of Malignancya

Hema (+)
Cyto (+)

Hema (+)
Cyto (–)

Hema (–)
Cyto (+)

Hema (–)
Cyto (–) Total P

N=105 N=21 N=16 N=106

Pleural Fluid 74 16 12 89 191  0.140c

Non-Pleural Fluidsb 31 5 4 17 57

Ascites 28 4 4 14 50

Pericardial Fluid 2 1 0 1 4

Cerebrospinal Fluid 1 0 0 2 3

NCKUH, National Cheng Kung University Hospital.
a Hema, from hematology laboratory; cyto, from cytology laboratory. 

b Non-pleural fluids consist of ascites, pericardial fluid and cerebrospinal fluid. 

c Comparison between the groups of pleural fluid versus non-pleural fluids. 
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Table 3. Sensitivity, Specificity and Predictive Values for Detection of Body Fluid Malignancy by NCKUH Hematology and Cytology Laboratories 
(N=248)

 Patients Confirmed with Malignancy
Sensitivity (%) Specificity (%) PPV (%) NPV (%)Hematology  

Laboratory Positive (%) Negative (%)

Positive 126 (50.8) 0 (0.0)
89.4 100.0 100.0 87.7

Negative 15 (6.1) 107 (43.1)

Cytology Laboratory

Positive 121 (48.8) 1 (0.4)
85.8 99.1 99.2 84.1

Negative 20 (8.1) 106 (42.7)
NCKUH, National Cheng Kung University Hospital; NPV, Negative Predictive Value; PPV, Positive Predictive Value.

Table 4. Comparisons of the Cancer Types Regarding Report of Body Fluid Malignancy by NCKUH Hematology and Cytology Laboratories

Type of Malignancy
Hematology (+)

Cytology (+)
Hematology (+)

Cytology (-)
Hematology (-)

Cytology (+)
Total

Total, Number (%) 105 (73.9) 21 (14.8) 16 (11.3) 142

Lung Cancer, Number (%) 40 (67.8) 14 (23.7) 5 (8.5) 59

Breast Cancer, Number (%) 14 (77.8) 1 (5.6) 3 (16.7) 18

Ovarian Cancer, Number (%) 9 (100.0) 0 (0.0) 0 (0.0) 9

Lymphoma, Number (%) 7 (77.8) 2 (22.2) 0 (0.0) 9

Gastric Cancer, Number (%) 6 (75.0) 0 (0.0) 2 (25.0) 8

Pancreatic Cancer, Number (%) 7 (87.5) 0 (0.0) 1 (12.5) 8

Hepatocellular Carcinoma, Number (%) 4 (57.1) 1 (14.3) 2 (28.6) 7

Esophageal Cancer, Number (%) 4 (80.0) 1 (20.0) 0 (0.0) 5

Endometrial Cancer, Number (%) 2 (66.7) 1 (33.3) 0 (0.0) 3

Prostate Cancer, Number (%) 3 (100.0) 0 (0.0) 0 (0.0) 3

Cholangiocarcinoma, Number (%) 3 (100.0) 0 (0.0) 0 (0.0) 3

Melanoma, Number (%) 1 (50.0) 1 (50.0) 0 (0.0) 2

Gall Bladder Cancer, Number (%) 0 (0.0) 0 (0.0) 1 (100.0) 1

Acute Myeloid Leukemia, Number (%) 0 (0.0) 0 (0.0) 1 (100.0) 1

Bladder Cancer, Number (%) 1 (100.0) 0 (0.0) 0 (0.0) 1

Olfactory Neuroblastoma, Number (%) 1 (100.0) 0 (0.0) 0 (0.0) 1

Malignant Neoplasm of Uterus, Number (%) 1 (100.0) 0 (0.0) 0 (0.0) 1

Tubal Cancer, Number (%) 1 (100.0) 0 (0.0) 0 (0.0) 1

Colon Cancer, Number (%) 1 (100.0) 0 (0.0) 0 (0.0) 1

NCKUH, National Cheng Kung University Hospital.

Table 5. The Cancer Types of Confirmed Malignancy Regarding Body Fluid Sample Types

Pleural Fluid Ascites Pericardial Fluid Cerebrospinal Fluid Total

Total 101 36 3 1 141

Lung Cancer 49 8 2 0 59

Breast Cancer 14 3 1 0 18

Ovarian Cancer 4 5 0 0 9

Lymphoma 9 0 0 0 9

Gastric Cancer 2 6 0 0 8

Pancreatic Cancer 7 1 0 0 8

Hepatocellular Carcinoma 3 4 0 0 7

Esophageal Cancer 5 0 0 0 5

Other Types of Cancer 8 9 0 1 18
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are the top leading malignancy for males, whereas breast cancer, colon 
cancer, and lung cancer for females in Taiwan. The four common types of 
cancer together account for more than 50% of the overall cancer illness 
[11]. In this study, most of the body fluid malignancy came from lung can-
cer and breast cancer cells, which primarily exfoliated in pleural effusions 
and secondarily in ascites. It was shown that the body fluid analysis could 
establish the diagnosis of metastatic adenocarcinoma in > 70% of cases, 
which was much higher than the reported sensitivities for mesothelioma 
(10%), squamous-cell carcinoma (20%), sarcoma (25%), and lymphoma 
(25-50%) [4]. Therefore, the predominant malignant types of lung and 
breast cancers involving the pleural fluid might be attributed to the high 
sensitivity and comparable detection in the NCKUH hematology and cy-
tology laboratories. 

The limitations of the study included that it was conducted with cas-
es with query for testing in both the NCKUH hematology and cytology 
laboratories; and the numbers of several cancer types were small in the 
context of the majority pleural fluid specimens.

Conclusion
The hematology laboratory when providing well-trained competences 
might potentially be comparable to the cytology laboratory for a diagno-
sis of body fluid malignancy. 
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