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with fnab, cnb might have a higher specificity to 
diagnose specific benign lesions. Well-designed, 
good-quality studies comparing fnab with cnb for 
diagnostic characteristics and yields in diagnosing 
lung cancer should be encouraged.
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1.	 BACKGROUND

Cancer is a leading cause of death, and lung cancer is 
the most common cause of cancer-related mortality 
in the world 1. In Canada, the estimated percentage 
of cancer-related death for lung cancer was 27% in 
2011 2. Early and accurate diagnosis is the key for 
the optimal treatment of lung cancer patients. New 
treatment strategies are becoming more complex, with 
certain novel therapeutics being restricted to specific 
histologic or molecular subtypes of lung cancer, thus 
requiring more precise classification and performance 
of molecular testing such as that for epidermal growth 
factor receptor mutations 3,4.

For patients with a lung nodule or mass on chest 
radiography or computed tomography (ct), a his-
tologic or cytologic confirmation of malignancy is 
required before treatment. Flexible bronchoscopy has 
high sensitivity for the diagnosis of central lesions 
and low sensitivity for the diagnosis of peripheral 
lesions  5. Transthoracic needle biopsy is usually 
performed under imaging guidance for patients with 
peripheral lesions or in whom flexible bronchos-
copy is not possible 6. The two transthoracic biopsy 
techniques currently being used are fine-needle as-
piration biopsy (fnab) and core-needle biopsy (cnb). 
The sensitivity and specificity of both techniques 
for diagnosing lung cancer have been reported to be 
high, with acceptable complication rates 7,8; however, 
a number of questions about these two procedures 
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and of accuracy, 40.4%–81.2% and 66.7%–93.2%. 
Compared with fnab, cnb did not result in a higher 
complication rate (pneumothorax or hemoptysis). No 
study has yet compared the diagnostic yields of fnab 
and of cnb for molecular predictive-marker studies in 
patients with lung lesions.

Discussion and Conclusions

The evidence is currently insufficient to support a 
difference between fnab and cnb in identifying lung 
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remain unanswered. The present systematic literature 
review addressed these questions:

•	 Is one technique superior to the other for diagnos-
ing lung cancer?

•	 Is there a difference in complication rates between 
the two techniques?

•	 Is one technique better than the other in obtaining 
samples for molecular marker studies such as muta-
tion analysis or fluorescence in situ hybridization?

2.	 METHODS

2.1	 Search Strategy

A literature search through Ovid of the medline and 
embase databases for the period January 1, 1990, to 
September 14, 2009, used various alternative terms 
for “fine-needle aspiration biopsy,” “core-needle 
biopsy,” and “lung cancer,” and then used the “and” 
operator to combine the results of the searches 
(specific details available from the corresponding 
author). A check for existing systematic reviews and 
practice guidelines was made using the Cochrane 
Library (to Issue 4, 2009), the U.S. National Guide-
line Clearinghouse, the U.K. National Institute for 
Health and Clinical Excellence, and Scottish Intercol-
legiate Guidelines Network (to August 28, 2009), the 
American Society of Clinical Oncology guidelines, 
Australia’s National Health and Medical Research 
Council, the New Zealand Guidelines Group, the Ca-
nadian Medical Association Infobase (to August 31, 
2009), and the U.S. National Cancer Institute’s PDQ 
database (to September 8, 2009).

2.2	 Study Selection Criteria

Studies were included if they
•	 had been published in full text between January 1, 

1990, and September 14, 2009.
•	 were systematic reviews, meta-analyses, clinical 

practice guidelines, randomized trials, or com-
parative cohort studies.

•	 reported or provided sufficient data to calculate, 
for both fnab and cnb in lung cancer, at least 
1 diagnostic characteristic (that is, sensitivity, 
specificity, positive or negative likelihood ratio, 
or accuracy), complication rates, or diagnostic 
yields 9 for molecular predictive-marker studies.

•	 included patients with an undiagnosed lung nod-
ule or mass demonstrated on imaging.

•	 stated that the reference standard for final diag-
nosis was histologic confirmation from wedge 
biopsy, surgical resection, metastases, or autopsy, 
or from clinical follow-up.

Studies were excluded if they
•	 had recruited patients with a previous or current 

diagnosis of lung cancer at baseline 10.

•	 regarded the biopsy results from fnab or cnb (or 
both) as a part of the reference standard 10.

•	 performed fnab and cnb on different patient popu-
lations (for example, technique chosen according 
to the size of the lesion).

•	 were published in a language other than English.

2.3	 Data Abstraction

One author scanned the retrieved citation titles and 
abstracts from the search sources to identify poten-
tially relevant articles, which were then retrieved 
for full-text review. Three authors independently 
assessed the articles for possible inclusion. Differ-
ences in assessment were resolved by discussion. A 
standardized data extraction sheet was used. All the 
authors contributed to reviewing and revising the 
draft document.

2.4	 Study Quality Assessment

Study quality was assessed using the 11-item checklist 
from Cochrane Handbook for Systematic Reviews 
of Diagnostic Test Accuracy 11. Each item was rated 
“yes” (meaning high quality), “unclear,” or “no” 
(meaning low quality).

2.5	 Data Analysis

For each study, if the data were reported, we con-
structed a 2×2 contingency table for fnab and cnb. 
Meta-analyses of the eligible studies for diagnostic 
characteristics and complication rates were con-
sidered, but were not feasible because of clinical 
heterogeneity. The Stata statistical software appli-
cation (version 9.0: StataCorp LP, College Station, 
TX, U.S.A.) was used to compare fnab with cnb 
for diagnostic characteristics, diagnostic yields, and 
procedure complications. Significance was assumed 
at a two-sided α of 0.05.

3.	 RESULTS

No locatable systematic reviews or practice guidelines 
focused on comparing fnab with cnb for diagnos-
ing lung cancer in patients with a lung lesion. The 
electronic search identified one hundred twenty-two 
citations (Figure 1). After titles and abstracts had been 
reviewed, seventy articles were excluded. Another 
forty-two papers were disqualified after review of the 
full texts, leaving ten potentially eligible articles 12–21. 
Of those ten articles, one (Lourenço et al. 2006 20) 
did not state the reference standard used to make the 
final diagnoses. The original author was contacted, but 
no feedback was received. That article was therefore 
analyzed separately from other included studies. One 
additional study was identified from the reference sec-
tions of the eligible articles 22. The present systematic 
review included eleven studies in total.
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3.1	 Study Details and Quality

Table i shows detailed information for the included 
studies. In five studies 13,15,16,19,22, fnab and cnb were 
performed on the same patient. One study recruited 
children less than 13 years of age 13, and ten studies 
included seniors more than 80 years of age 12–14,16–22. 
In six studies, lesion diameters ranged from 3 mm to 
150 mm 12,13,15,16,18,21. In six studies 14,16–18,20,21, the 
lesions were located exclusively in the lung; in the 
other five studies  12,13,15,19,22, they were located in 
lung, mediastinum, pleura, or chest wall.

Table ii summarizes study quality.

3.2	 Diagnostic Characteristics

In nine reports, the data provided were sufficient to 
allow for the calculation of at least 1 diagnostic char-
acteristic for fnab and cnb used to identify malignan-
cies in patients with a lung lesion 12–16,18,19,21,22. The 
prevalence of malignant lesions was 67.3%–85.7%, 
and one paper did not report that information 19.

Diagnosis in the included studies was defined 
in two possible ways based on the data as originally 
reported: overall diagnosis and specific diagnosis 
(Tables iii and iv). In overall diagnosis, the purpose 
of lung biopsy was to differentiate malignant from 
benign lesions without specific cytologic or histologic 
subtype diagnoses. In specific diagnosis, the purpose 
of biopsy was to determine the specific cytologic or 
histologic subtype of the malignancy or the specific 
benign diagnosis; hence, the true positive and true 
negative results of fnab or cnb were exactly the same 
as the final histologic diagnoses for patients listed 

in the full text. In brief, five studies reported overall 
diagnostic characteristics, with a total sample size of 
1033 (Table iii) 12–14,16,18; seven studies reported spe-
cific diagnostic characteristics, with a total sample 
size of 834 (Table iv) 12,13,15,16,19,21,22.

3.3	 Overall Diagnostic Characteristics

Three of the five studies in Table iii provided suf-
ficient data to calculate sensitivity, specificity, 
positive likelihood ratio, negative likelihood ratio, 
and accuracy for distinguishing malignant from 
benign lesions 13,14,18. The range of sensitivity was 
81.3%–90.8% for fnab and 85.7%–97.4% for cnb; of 
specificity, 75.4%–100.0% and 88.6%–100.0%; and 
of accuracy, 79.7%–91.8% and 89.0%–96.9%. The 
range of the positive likelihood ratio was 3.67–45.46 
for fnab and 7.79–75.94 for cnb; the range of the 
negative likelihood ratio was 0.10–0.18 for fnab 
and 0.03–0.12 for cnb. To reduce bias, we did not 
analyze the data from studies that reported charac-
teristics for only one procedure—for example, the 
Arakawa et al. study 12, in which specificity was 
available only for fnab. Among 17 comparisons in 
Table  iii, only 4 p values were less than 0.05, and 
all of them favored cnb over fnab: sensitivity, nega-
tive likelihood ratio, and accuracy in the Laurent 
et al. study 18, and accuracy in the Yamagami et 
al. study 16. It was noted that the report by Laurent 
et al. had 5 areas in which patient numbers were 
inconsistent, raising questions about the reliability 
of the results.

3.4	 Specific Diagnostic Characteristics

Four studies in Table iv provided sufficient data to 
calculate diagnostic characteristics  12,13,15,22. The 
range of sensitivity was 56.3%–86.5% for fnab and 
56.5%–88.7% for cnb. The range of specificity was 
6.7%–57.1% for fnab and 52.4%–100.0% for cnb. 
Specificity was significantly or marginally higher for 
cnb than for fnab in all four studies. It appears that 
cnb may be superior to fnab for classifying benign 
disease. The range of the positive likelihood ratio was 
0.60–1.93 for fnab and 1.55–15.07 for cnb. Three of 
four studies supported cnb against fnab 12,13,22. The 
range of the negative likelihood ratio was 0.30–6.56 
for fnab and 0.12–0.50 for cnb. Two of four studies 
favoured cnb 12,22. Accuracy was available in seven 
studies. The range of accuracy was 40.4%–81.2% for 
fnab and 66.7%–93.2% for cnb. Four papers showed 
statistically significantly higher accuracy for cnb than 
for fnab 12,16,21,22.

3.5	 Image Guidance

In current practice, ct imaging has largely replaced 
fluoroscopy alone or ultrasonography to guide fnab 
or cnb for thoracic lesions. Thus, a separate subgroup 

figure 1	 Flow of studies considered for this systematic review.
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analysis of ct-guided fnab and cnb, with or without 
other forms of guidance, is relevant.

Seven studies used ct or ct plus fluoroscopy or 
ct plus multiplanar reconstruction images in more 
than 90% of patients 12,14,16,18,21,22. That total rose to 
eight studies if the one study 20 that did not specify 
a reference standard was included (Table v).

For overall diagnosis, all studies in Table iii used 
ct imaging. Hence, the analyses were the same as 
described earlier.

For specif ic diagnosis (Table  iv), f ive of 
seven studies used ct imaging in most pa-
tients 12,13,16,21,22. Three studies provided sufficient 

data to calculate diagnostic characteristics 12,13,22. 
The range of sensitivity was 56.3%–86.5% for fnab 
and 73.8%–88.7% for cnb. The range of specificity 
was 6.7%–41.2% for fnab and 52.4%–94.1% for 
cnb. Specificity was significantly higher for cnb 
than for fnab in all three studies. The range of the 
positive likelihood ratio was 0.60–1.42 for fnab 
and 1.55–15.07 for cnb. All three studies supported 
cnb against fnab. The range of the negative likeli-
hood ratio was 0.40–6.56 for fnab and 0.12–0.50 
for cnb. Two of three studies favoured cnb 12,22. 
Accuracy was available in five studies  12,13,16,21,22. 
The range of accuracy was 40.4%–78.1% for fnab and 

table i	 Study and patient information from eligible studies

Reference Study Pts Age in Lesion Distance from
design (n) years Location Diameter skin to lesion

[range (mean)] (mm) (mm)

Cheong et al., 1992 17 Prospectivea 128 19–85 Lung Mean: 37 nr

(61.4)
Moulton et al., 1993 22,b Prospective 114 22–92 Lung (76% of patients), nr nr

(64.7)c mediastinum, pleura
Arakawa et al., 1996 12 Retrospective 107 20–85d Lung (84% of patients), 5–100 nr

(62.7) mediastinum, pleura
Staroselsky et al., 1998 13,b Retrospective 182 10–84 Lung (82% of patients), 10–100 nr

(62) chest wall, mediastinum,
pleura

Laurent et al., 2000 18 Prospectivee 220 24–84 Lung 8–150 nr

(61.9 for fnab, (Mean: 35.4)
65.4 for cnb)

Sagar et al., 2000 15,b nr 30 14–66 Lung (43% of patients), 30–100 nr

(43.5) mediastinum, pleura
Anderson et al., 2003 21 Retrospective 182 29–87 Lung 8–100 5–70

(67.5) (Mean: 41) (Mean: 24)
Yamagami et al., 2003 16,b nr 134 16–92 Lung 3–100 0–63

(67.1) (Mean: 22.1) (Mean: 13.8)
Ohno et al., 2004 14 nr 390 16–86 Lung 71.0% of nr

(63.3) lesions > 10
Schubert et al., 2005 19,b Prospective 85f 27–84 Lung (91% of patients) nr nr

(56) mediastinum, paravertrebral
and supraclavicular lesions

Lourenco et al., 2006 20,g Retrospective 92 28–87 Lung nr nr

(64.4)

a	� Choice of needles was randomized, but no detail of the randomization procedure was provided.
b	� Fine-needle aspiration biopsy and core-needle biopsy performed on the same patient.
c	� Procedures for thoracic masses numbered 114; age is for 267 patients who had thoracic, hepatic, renal, pancreatic, adrenal, splenic, ret-

roperitoneal, or musculoskeletal soft-tissue masses.
d	� The study recruited 122 patients, but original authors reported results only for 107 who had a definitive final diagnosis; age is for 122 

patients.
e	� Quasi-random allocation: 125 consecutive patients underwent fine-needle aspiration biopsy in the first 21 months of the study; 98 consecu-

tive patients underwent core-needle biopsy in the final 15 months.
f	� The study recruited 97 patients, but original authors reported results only for 85 who underwent both procedures; age is for 97 patients.
g	 Study did not specify the reference standard.
Pts = patients; nr = not reported; fnab = fine-needle aspiration biopsy; cnb = core-needle biopsy.
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66.7%–93.2% for cnb. In four of five papers, accuracy 
was significantly higher for cnb than for fnab 12,16,21,22.

An interesting finding is that, for specific diag-
nosis (Table iv), the Sagar et al. study 15, which used 
ultrasonography guidance, had the highest specificity 
for fnab and cnb, and the Schubert et al. study 19, 

which also used ultrasonography guidance, had the 
highest accuracy for fnab. However, both studies had 
an on-site cytopathologist, and because they used 
ultrasonography guidance, the lung lesions included 
in the studies might have been limited to those abut-
ting the chest wall.

table iii	 Overall diagnostic characteristicsa

Reference Prevalence Procedure Sensitivity Specificity Likelihood ratio Accuracy
of malignant (p Value) [% (95% ci)] [% (95% ci)] Positive Negative [% (95% ci)]
lesions (%) (95% ci) (95% ci)

Arakawa et al., 
1996 12,b

67.3 fnab 81.3
(63.6 to 92.8)

46.7
(21.3 to 73.4)

1.52
(0.92 to 2.52)

0.40
(0.16 to 0.99)

70.2
(55.1 to 82.7)

cnb 85.7 nr nr nr nr

(71.5 to 94.6)
p=0.611 na na na na

Staroselsky et al., 
1998 13,c

77.5 fnab 90.8 95.1 18.61 0.10 91.8
(84.7 to 95.0) (83.5 to 99.4) (4.81 to 71.98) (0.06 to 0.16) (86.8 to 95.3)

cnb 91.5 100.0d 75.94 0.09 93.4
(85.6 to 95.5) (4.83 to 1194.4) (0.05 to 0.15) (88.8 to 96.5)

p=0.836 p=0.151 p=0.368 p=0.766 p=0.560
Combinede nr nr nr nr nr

Laurent et al., 
2000 18,f

80.5 fnab 82.7 100.0d 45.46 0.18 86.4
(73.7 to 89.6) (2.91 to 709.68) (0.11 to 0.27) (79.1 to 91.9)

cnb 97.4 95.0 19.48 0.03 96.9
(90.9 to 99.7) (75.1 to 99.9) (2.88 to 131.64) (0.01 to 0.11) (91.2 to 99.4)

p=0.002 p=0.240 p=0.620 p=0.010 p=0.007

Yamagami et al., 
2003 16,g

68.1–71.0 fnab nr nr nr nr 79.7
(72.0 to 86.1)

cnb nr nr nr nr 89.1
(82.7 to 93.8)

nr nr na na p=0.031
Combinede nr nr nr nr 94.2

(88.9 to 97.5)

Ohno et al., 
2004 14,g

74.7 fnab 90.4 75.4 3.67 0.13 86.4
(85.1 to 94.3) (63.1 to 85.2) (2.39 to 5.64) (0.08 to 0.20) (81.4 to 90.4)

cnb 89.1 88.6 7.79 0.12 89.0
(82.0 to 94.1) (73.3 to 96.8) (3.09 to 19.65) (0.07 to 0.21) (82.9 to 93.4)

p=0.716 p=0.115 p=0.148 p=0.824 p=0.447

a	� Meant to differentiate malignant from benign lesions without specific cytologic or histologic subtype diagnoses.
b	 Reported definitive diagnosis per biopsy procedure.
c	 Reported definitive diagnosis per patient.
d	� Provided from data in article; other numbers calculated from data in article.
e	� Combined fnab and cnb (2 procedures performed on each patient).
f	� Patient number inconsistent at 5 areas in article; reported definitive diagnosis per patient in fnab group, but reporting basis unclear in cnb 

group.
g	 Reported definitive diagnosis per lesion.
ci = confidence interval; fnab = fine-needle aspiration biopsy; cnb = core-needle biopsy; ct = computed tomography; nr = not reported; na = 
not available.
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table iv	 Specific diagnostic characteristicsa

Reference Prevalence 
of malignant 
lesions (%)

Procedure 
(p Value)

Sensitivity 
[% (95% ci)]

Specificity 
[% (95% ci)]

Likelihood ratio Accuracy 
[% (95% ci)]Positive 

(95% ci)
Negative 
(95% ci)

Moulton et al., 
1993 22,b

85.1 fnab 83.5 41.2 1.42 0.40 77.2
(74.6 to 90.3) (18.4 to 67.1) (0.95 to 2.13) (0.19 to 0.83) (68.4 to 84.5)

cnb 88.7 94.1 15.07 0.12 89.5
(80.6 to 94.2) (71.3 to 99.9) (2.25 to 101.05) (0.07 to 0.21) (82.3 to 94.4)

p=0.295 p=0.001 p=0.018 p=0.010 p=0.013
Combinedc 92.8 94.1 15.77 0.08 93.0

(85.7 to 97.0) (71.3 to 99.9) (2.35 to 105.70) (0.04 to 0.16) (86.6 to 96.9)
Arakawa et al., 
1996 12,b

67.3 fnab 56.3 6.7 0.60 6.56 40.4
(37.7 to 73.6) (0.2 to 31.9) (0.43 to 0.84) (0.95 to 45.39) (26.4 to 55.7)

cnb 73.8 52.4 1.55 0.50 66.7
(58.0 to 86.1) (29.8 to 74.3) (0.96 to 2.51) (0.26 to 0.96) (53.7 to 78.0)

p=0.115 p=0.004 p=0.002 p=0.014 p=0.006
Staroselsky et 
al., 1998 13,c

77.5 fnab 86.5 31.7 1.27 0.43 74.2
(79.8 to 91.7) (18.1 to 48.1) (1.02 to 1.58) (0.23 to 0.79) (67.2 to 80.4)

cnb 78.0 87.8 6.40 0.25 80.2
(70.3 to 84.5) (73.8 to 95.9) (2.80 to 14.61) (0.18 to 0.35) (73.7 to 85.7)

p=0.062 p<0.001 p<0.001 p=0.126 p=0.173
Combinedc nr nr nr nr nr

Sagar et al., 
2000 15,d

76.7 fnab 82.6 57.1 1.93 0.30 76.7
(61.2 to 95.0) (18.4 to 90.1) (0.80 to 4.63) (0.10 to 0.91) (57.7 to 90.1)

cnb 56.5 100.0e 8.48 0.47 66.7
(34.5 to 76.8) (0.57 to 126.37) (0.28 to 0.77) (47.2 to 82.7)

p=0.054 p=0.051 p=0.308 p=0.470 p=0.390
Combinedc 91.3 100.0e 13.70 0.09 93.3

(72.0 to 98.9) (93.8 to 199.91) (0.02 to 0.39) (77.9 to 99.2)
Anderson et al., 
2003 21,b

85.7 fnab nr nr nr nr 78.1
(70.7 to 84.5)

cnb nr nr nr nr 93.2
(81.3 to 98.6)

p<0.005 nr na na p=0.023
in favour of cnbe

Yamagami et al., 
2003 16,f

68.1–71.0 fnab nr nr nr nr 58.7
(50.0 to 67.0)

cnb nr nr nr nr 83.3
(76.0 to 89.1)

nr nr na na p<0.001
Combinedc nr nr nr nr 86.2

(79.3 to 91.5)
Schubert et al., 
2005 19,d

nr fnab nr nr nr nr 81.2
(71.2 to 88.8)

cnb nr nr nr nr 80.0
(69.9 to 87.9)

nr nr na na p=0.843
Combinedc nr nr nr nr 89.4 

(80.8 to 95.0)
a	� Meant to determine the specific subtype of cancer or the specific benign diagnosis.
b	 Reported definitive diagnosis per biopsy procedure.
c	� Combined fnab and cnb (2 procedures performed on each patient).
d	 Reported definitive diagnosis per patient.
e	� Provided from data in article; other numbers calculated from data in article.
f	 Reported definitive diagnosis per lesion.
ci = confidence interval; fnab = fine-needle aspiration biopsy; cnb = core-needle biopsy; nr = not reported; na = not available.
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3.6	 Lung Biopsy

Four papers included patients with lung lesions only, 
the sample size being 926 14,16,18,21. In all four stud-
ies, fnab and cnb were guided by ct. Among three 
studies reporting overall diagnostic characteristics 
(Table iii), two studies provided all diagnostic charac-
teristics 14,18. Ohno et al. 14 found no statistical differ-
ence between fnab and cnb. Laurent et al. 18 reported 
that, compared with fnab, cnb showed significantly 
higher sensitivity, accuracy, and negative likelihood 
ratio, but as noted earlier, the data as reported con-
tained inconsistencies. Yamagami et al. 16 reported 
only accuracy values, which favoured cnb over fnab.

For specific diagnosis (Table  iv), an accuracy 
value was available in two studies 16,21, and one also 
reported the p value for a comparison of sensitivity be-
tween fnab and cnb 21; all three values favoured cnb.

3.7	 On-Site Cytopathologist

Four of seven studies stated that a cytopathologist 
was present on site in their centres to assess whether 
the specimens from fnab were adequate for cytologic 
analysis, and needle passes were repeated until the 
samples were satisfactory. Those four studies included 
517 patients 13,15,18,19. Two of four reported overall 
diagnostic characteristics 13,18 (Table iii). Laurent et 
al. 18 showed that cnb was significantly better than 
fnab for sensitivity, negative likelihood ratio, and 
accuracy. However, as discussed earlier, the reli-
ability of the data in that study is questionable. The 
study by Staroselsky et al. 13 observed no significant 
difference between fnab and cnb for any diagnostic 
characteristic.

Specific diagnostic characteristics were available 
in three studies (Table iv). Sagar et al. 15 and Staro-
selsky et al. 13 found that fnab might have greater 
sensitivity than cnb, with marginally significant 
p values (0.054 and 0.062 respectively), but that cnb 
had better specificity than fnab. Schubert et al.  19 
reported only accuracy and observed no difference 
between the two procedures.

3.8	 FNAB and CNB Performed on the Same Patient

Five studies performed fnab and cnb at the same bi-
opsy session in each patient 13,15,16,19,22. For specific 
diagnosis, all five studies reported accuracy, which 
in two studies was significantly higher for cnb than 
for fnab 16,22 (Table iv). The range of accuracy was 
58.7%–81.2% for fnab, 66.7%–89.5% for cnb, and 
86.2%–93.3% for the combination. The combined 
diagnostic characteristics of fnab and cnb were ap-
parently higher than the diagnostic characteristics of 
either fnab or cnb alone in the four available stud-
ies 15,16,19,22. Valid statistical comparisons could not 
be performed because the data were not independent 
in the studies.

Two of four studies reported overall diagnostic 
characteristics (Table iii). Staroselsky et al. 13 found 
no statistical difference between fnab and cnb; Yama-
gami et al. 16, who reported only accuracy, observed 
a higher value for cnb than for fnab.

3.9	 Diagnostic Yields

No eligible articles reported the diagnostic yield for 
molecular predictive-marker studies by mutation 
analysis or fluorescence in situ hybridization. None 
of the eligible studies quantified the amount of tumor 
in cores, the cellularity of smears or other cytologic 
preparations, or the availability of a cell block. Im-
munohistochemistry was not used as a standard of 
practice in any of the studies.

3.10	 Complications

All eleven eligible papers reported complication 
rates for the two procedures (Table  v). The main 
complications of fnab and cnb were pneumothorax 
and pulmonary hemorrhage. The needle sizes were 
20G–22G for fnab and 14G–21.5G for cnb in the four 
prospective studies 17–19,22. In two prospective studies 
that compared fnab and cnb, no statistical difference 
was found for pneumothorax rates between the two 
procedures 17,18. The pulmonary hemorrhage rate was 
significantly higher in cnb than in fnab in the study 
by Laurent et al. (28.6% vs. 13.6%) 18, but not in the 
study by Cheong et al. 17. A very low rate of mild he-
moptysis occurred in the Laurent et al. study, with no 
statistically significant difference between fnab and 
cnb (2.4% vs. 4.1%) 18. As noted earlier, inconsisten-
cies were apparent in the data reported in that study. In 
the remaining two prospective studies, fnab and cnb 
were performed at the same visit in each patient, and 
so procedures that resulted in complications could not 
be separately identified 19,22. Schubert et al. 19 reported 
that no major complications occurred during or after 
the two procedures in 85 patients. Moulton et al. 22 
reported pneumothorax in 13 patients (11.4%) and 
self-limiting hemoptysis or perilesional hemorrhage 
(or both) in 2.6%. Based on that information, com-
plication rates did not appear to be higher when two 
procedures (compared with a single procedure) were 
performed on an individual; however, no independent 
statistical comparison could be done.

In seven non-prospective studies, needle sizes 
were 20G–25G for fnab and 18G–20G for cnb  12–
16,20,21. The pneumothorax rates were 0.0%–35.1% 
for fnab and 0.0%–28.6% for cnb. Anderson et al. 21 
and Lourenco et al. 20 reported that, compared with 
fnab, cnb had a lower pneumothorax rate. No study 
showed a significant difference for rates of pulmo-
nary hemorrhage and hemoptysis between the two 
procedures. The highest pulmonary hemorrhage rate 
was 25.4% (35 patients), which occurred in one study 
in which fnab and cnb were performed on the same 
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patients 16. In addition to the most common compli-
cations of pneumothorax, pulmonary hemorrhage, 
hemoptysis, and subcutaneous hematoma reported in 
the eligible studies, Staroselsky et al. 13 also reported 
5 patients (2.7%) with chest pain, successfully treated 
with analgesics.

4.	 DISCUSSION

The data identified in this systematic review are 
limited and inconsistent. As described in Tables  i 
and v and discussed in the Results section, the stud-
ies differed considerably in terms of study design, 
patient population, lesion sizes, method of procedure 
guidance, and exact procedure technique. Those dif-
ferences complicate interpretation and comparison of 
the reported data. Meta-analyses could not therefore 
be performed.

Overall, the quality of the eligible studies in 
this systematic review was poor, both in design and 
reporting (Table ii):

•	 Five of eleven studies recruited some patients 
with chest wall, mediastinal, or pleural lesions. 
Inclusion of these patients could have the effect 
of widening the quoted range of sensitivity for 
fnab because, when compared with lung cancer, 
some thoracic lesions are less amenable to diag-
nosis by fnab.

•	 A properly designed comparative-accuracy 
systematic review of diagnostic studies should 
be based on a fully paired design (that is, fnab 
and cnb are both performed in each patient) or a 
randomized design (that is, patients are assigned 
randomly to fnab or cnb)  10. However, in this 
systematic review, a fully paired study is not a 
good design. If cnb is performed just after fnab, 
fnab may be used to determine whether the outer 
needle is within the lesional tissue, thus influ-
encing diagnostic yields and overestimating the 
diagnostic characteristics of cnb. Such a pairing 
happened in four of five studies 13,15,16,19 (Table i). 
In the fifth study, fnab was usually done first, 
but not always 22. A randomized design should 
be the best for the current research questions. In 
the Cheong et al. study 17, the choice of needles 
was randomized. Laurent et al. 18 assigned 125 
consecutive patients into the fnab group during 
the first 21 months and 96 patients into the cnb 
group during the next 15 months of the study 18 
(quasi-random allocation). In the other four stud-
ies 12,14,20,21, the diagnostic characteristics of fnab 
were estimated in one set of patients, and the 
diagnostic characteristics of cnb were estimated 
in a different set of non-overlapping or only par-
tially overlapping patients. Indirect comparisons 
of this kind are prone to selection bias 10.

•	 The assessors of the fnab and cnb outcomes 
should not know the final diagnosis from the 

reference standard  23. In the present review, 
we regarded histologic confirmation or clinical 
follow-up as the reference standard, and thus, 
the fnab and cnb assessors were blinded to the 
reference standard by the very nature of the four 
prospective studies 17–19,22. The other seven stud-
ies did not address this blinding issue.

The assessors of fnab and cnb outcomes should 
also be blinded to each other 23, but of five studies 
in which the two procedures were performed on the 
same patient, only one clearly stated that the cy-
tologic and histologic evaluations were performed 
separately by different pathologists 16.

Ideally, the reference standard should be inter-
preted not knowing the index test results 23. However, 
none of the studies included in the present systematic 
review discussed that issue.

•	 All patients received verification, but in some 
patients who lacked histologic confirmation, the 
diagnosis was confirmed by clinical follow-up. 
It is impossible to confirm a specific histologic 
diagnosis by clinical follow-up.

The data suggest that fnab and cnb have similar 
overall diagnostic values and that, compared with 
fnab, cnb might have higher specificity (to diagnose 
benign lesions) and accuracy for specific diagnosis 
(probably because of the higher specificity). If an 
on-site cytopathologist is available, fnab might be 
marginally more sensitive than cnb in diagnosing 
lung malignancy. These are preliminary data that, 
to be validated, require further study.

No available evidence suggests that, compared 
with fnab, cnb leads to a higher rate of pneumotho-
rax or hemoptysis, even though the needle used for 
cnb is typically larger. The combination of fnab and 
cnb performed in an individual patient may improve 
the diagnostic parameters without increasing the 
rate of complications, but statistical support for that 
hypothesis is lacking. The fnab and cnb procedures 
both appear to be safe: no serious complications were 
reported in the eleven studies included in this analy-
sis. However, in four studies in which patients were 
not randomized and not subject to both procedures, 
the selection criteria for the use of cnb or fnab were 
not mentioned 12,14,20,21. The lack of randomization 
might have created a selection bias, because some 
characteristics of patients or lesions (comorbidities, 
lesion size, or distance to pleura) influence the likeli-
hood of complications.

Among the eleven eligible studies, only two were 
published after 2005 19,20, and one of them did not 
report a reference standard 20. The techniques both for 
performing and for analyzing fnab and cnb samples 
improve over time. Hence, the evidence from the 
medical literature presented here may not accurately 
reflect current clinical practice.
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5.	 CONCLUSIONS

The evidence is insufficient to determine whether 
fnab, cnb, or some combination thereof should be the 
standard of care for diagnosing lung malignancies in 
patients with a lung lesion. The best technique in a 
given diagnostic centre may in part be determined by 
the local availability of resources and expertise in bi-
opsy technique and sample interpretation. Given that 
new diagnostic information derived from immuno-
histochemistry and molecular biology are necessary 
for optimal treatment in lung cancer patients, and 
given that both techniques have evolved since 2000, 
well-designed, good-quality studies to compare fnab 
with cnb should be encouraged.
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