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Abstract
Objective: The efficacy of rapid on- site evaluation (ROSE) combined with computed 
tomography- guided transthoracic core needle biopsy (CT- guided TCNB) is rarely in-
vestigated. This study aimed to evaluate the diagnostic efficiency and safety of ROSE 
combined with CT- guided TCNB for suspected lung cancer patients.
Materials and Methods: Clinical data from 285 patients who received CT- guided 
TCNB for suspected lung cancer in Huashan Hospital from 2015 to 2018 were ret-
rospectively analysed. Of these 163 patients underwent CT- guided TCNB combined 
with ROSE (ROSE group), while the remaining 122 patients underwent without ROSE 
(non- ROSE group). The smears from TCNB were quickly processed with Diff- Quick 
staining and analysed by a skilled cytologist on- site. The consistency of ROSE with the 
final clinicopathological diagnosis and the diagnostic efficiency and safety of ROSE 
combined with CT- guided TCNB in suspected lung cancer patients were evaluated.
Results: ROSE was highly concordant with pathological diagnosis (κ = 0.791; 
P < 0.001), with an accuracy of 95.7%. Diagnostic accuracy was significantly higher 
in the ROSE compared with the non- ROSE group (96.3% vs 86.1%; P = 0.002), with 
overall incidences of complications of 36.8% and 23.8%, respectively. Minor pneu-
mothorax without drainage was slightly greater in the ROSE compared with the non- 
ROSE group (14.1% vs 6.6%; P = 0.046). However, there was no significant difference 
in serious complications between the two groups.
Conclusion: ROSE was highly consistent with the final clinicopathological diagnosis 
for suspected lung cancer. ROSE further improved the diagnostic efficiency of CT- 
guided TCNB with no increased incidence of serious complications.
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1  |  INTRODUC TION

Lung cancer is the leading cause of cancer- related deaths world-
wide.1 With the increase in low- dose and high- resolution computed 
tomography (CT) scanning for lung cancer, a large number of pul-
monary lesions are inadvertently identified. However, only a few 
of those lesions are diagnosed as neoplasms and require further 
therapy. The pathological result is a standard criterion for diagno-
sis of lung cancer. Invasive interventions, such as bronchoscopy, 
transthoracic needle aspiration and surgical biopsy, are commonly 
used to acquire samples for pathological diagnosis. The samples of 
peripheral lung lesions are usually difficult to acquire by bronchos-
copy, and are preferentially processed with transthoracic needle 
biopsy under the guidance of CT or ultrasound. CT- guided transtho-
racic needle biopsy mainly includes core needle biopsy (CNB) and 
fine needle aspiration biopsy (FNAB). As higher volumes of tissue 
can be acquired, CNB improves the diagnostic yield in contrast to 
FNAB.2– 4 A retrospective study showed that the diagnostic yield of 
CT- guided transthoracic CNB (TCNB) was 91%.2 However, there are 
still some patients with lung cancer for whom there is a failure to 
obtain enough qualified samples for accurate diagnosis through CT- 
guided TCNB, resulting in missed diagnosis and delay of effective 
therapy. Many efforts have been made to improve the diagnostic 
efficiency of peripheral lung lesions.

Rapid on- site evaluation (ROSE) allows rapid cytomorphological 
evaluation and quick assessment of the adequacy and features of 
an acquired sample, which helps guidance for further biopsy. ROSE 
performed by an experienced pathologist or cytologist during FNAB 
has been reported to improve the diagnostic yield for lung and medi-
astinal lesions.5– 8 In previous studies the combination of imprint cy-
tology and histology improved the diagnostic accuracy of CT- guided 
transthoracic needle biopsy.9– 11 However, data supporting the usage 
of ROSE during CT- guided TCNB are limited, as previous studies 
were small scale or lacked a comparison with non- ROSE assessment. 
This study was conducted to evaluate the diagnostic efficiency and 
safety of ROSE combined with CT- guided TCNB for suspected lung 
tumour lesions in comparison to CT- guided TCNB alone. In addition, 
the consistency between ROSE findings and the final clinicopatho-
logical diagnosis was investigated.

2  |  MATERIAL S AND METHODS

2.1  |  Study population and procedure

All patients with suspected lung cancer who underwent CT- guided 
TCNB in the Respiratory Department of the Baoshan District of 
Huashan Hospital from January 2015 to December 2018 were in-
cluded. Patients in this retrospective study were divided accord-
ing to the usae of ROSE into a ROSE group and a non- ROSE group. 
Suspected lung cancer patients receiving only CT- guided TCNB 
between January 2015 and July 2016 were placed into the non- 
ROSE group (n = 122). As the ROSE technique was subsequently 

adopted in our department, suspected lung cancer patients be-
tween August 2016 and December 2018 received ROSE during 
CT- guided TCNB and were included in ROSE group (n = 163). The 
inclusion criteria for CT- guided TCNB for patients in both groups 
were as follows: (a) age >18 years and <85 years; (b) having highly 
suspected lung cancer according to clinical features and chest im-
aging; (c) having lesions located in the periphery of lung, which 
are difficult to be acquired by bronchoscopy, or having a failure of 
diagnosis by previous transbronchial lung biopsy; (d) being at low 
risk for CT- guided TCNB associated complications, that is, without 
severe emphysema or pulmonary bullae, uncontrolled cardiovas-
cular disease, obvious bleeding tendency, or inability to cooperate 
with the procedure. The flow diagram of the study design is sum-
marised in Figure 1. The diagnostic efficiency and complications 
of CT- guided TCNB with or without ROSE were analysed, and the 
diagnostic yield of ROSE was compared with the pathological re-
sult of biopsy.

2.2  |  CT- Guided transthoracic core needle biopsy 
(TCNB)

All included patients were fully informed of the benefits and risks 
of the biopsy and signed an informed consent form before the pro-
cedure. The operation of CT- guided TCNB for pulmonary lesions 
was similar to that of a previous study.12 In brief, patients were posi-
tioned prone, supine, or lateral on the basis of the location of lesion 
on chest imaging. The entry site on the skin and the needle path 
were determined by CT images with the assistance of laser lighting 
and series of steel bars applied to the skin. After local anaesthesia, a 
15- guage coaxial guiding needle (Bard® TruGuide) was inserted into 
the thorax as planned by the interventional pulmonologist, followed 
by repeated CT scanning to confirm the path of needle toward the 
target lesion without serious complications or possible damage to 
important organs or vessels. Then, the automatic core biopsy instru-
ment with a 16- guage core needle (Bard® MAX- CORE Disposable 
Core Biopsy Instrument) was placed into the coaxial needle, after re-
moval of the stylet, to cut the tissue. In the ROSE group, each speci-
men was lightly rolled on 3 to 4 glass slides, one after another, and 
processed on- site with Diff- Quick staining by a cytologist. A rapid 
cytomorphological evaluation was performed under light micro-
scope. The preliminary result about the adequacy of specimen and 
the morphological evaluation were obtained, which indicated a pos-
sible diagnosis of malignant or benign disease. If ROSE failed to make 
a preliminary diagnosis, another biopsy was to be performed until 
a positive diagnosis was made or severe complication occurred, or 
up to 5 sessions of biopsy. The samples in the non- ROSE group and 
the remaining samples in the ROSE group were processed with hae-
matoxylin and eosin staining, routine immunohistochemistry, and 
special staining (such as PAS staining) according to clinical require-
ments. Each patient underwent a further chest X ray to ascertain 
the occurrence of complications after 48 hours, or when symptoms 
associated with complications appeared.
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2.3  |  Statistical analysis

SPSS software version 20.0 was used for data analysis. Continuous 
variables were expressed as medians interquartile ranges. 
Dichotomous variables were analysed using Pearson's chi- squared 
test or Fisher’s exact test. Sensitivity, specificity, as well as positive 
and negative predictive values of CT- guided TCNB with or without 
ROSE were calculated with a 2 × 2 table. The consistency between 
ROSE and the histological diagnosis was analysed with the Kappa 
statistic. A P value of <0.05 was considered to indicate a statistically 
significant difference.

3  |  RESULTS

3.1  |  Clinical characteristics of the patients

The clinical characteristics of the included patients are summa-
rised in Table 1. In total, 285 patients were enrolled in this study, 
with 163 (57.2%) in the ROSE group. The ROSE and non- ROSE 
group patients averaged 63.0 and 64.5 years in age, and included 
108 (66.3%) and 85 (69.7%) males, respectively. The final clinico-
pathological diagnosis was made according to the pathology of 
TCNB, further surgical findings, aetiological examinations, and 
clinical follow- up if required. The final clinicopathological diagno-
ses of included patients were as follows: 174 adenocarcinomas, 
44 squamous carcinomas, 19 small cell lung cancers, 1 adenos-
quamous carcinoma, 11 non- small cell lung cancers not otherwise 
specified, 4 undifferentiated carcinomas, 12 metastatic tumours, 
1 malignant pleural mesothelioma, and 4 lymphomas. The remain-
ing 15 patients were diagnosed with benign diseases, including 9 
tuberculosis infections, 2 fungal infections, 2 bacterial pneumonia, 

1 organising pneumonia, and 1 chronic inflammatory disease of 
non- specific classification. There were no significant differences 
found in the analysed characteristics, including gender, age, size 
of biopsied lesions, and the final diagnoses of diseases, between 
those two groups (P > 0.05 for all analyses).

3.2  |  High consistency between ROSE and final 
clinicopathological diagnosis

Comparison of the ROSE findings with the final clinicopathological 
diagnoses in 163 patients is shown in Table 2. A discrepancy be-
tween the ROSE evaluation and the final clinicopathological diagno-
sis was found in only 3 patients, who were preliminarily considered 
to be benign on ROSE but finally diagnosed as malignant accord-
ing to pathology. The diagnostic sensitivity and specificity of ROSE 
were 95.5% and 100%, while the positive and negative predictive 
values were 100% and 66.7%, respectively. In addition, the diagnos-
tic accuracy of ROSE was as high as 95.7% in our study. Of note, 
a high consistency was achieved between the ROSE result and the 
final clinicopathological diagnosis in suspected lung cancer patients 
(κ = 0.612; p < 0.001).

3.3  |  ROSE combined with CT- guided TCNB 
achieves high diagnostic efficiency

The final diagnosis confirmed the CT- guided TCNB result in the ROSE 
group for 157/163 (96.3%) patients, with the other six patients finally 
diagnosed as malignancies being initially undiagnosed for lung cancer 
because of chronic inflammation (3 patients) and not having enough 
tumour cells (3 patients; Table 3). In the non- ROSE group, patients 

F I G U R E  1  Inclusion and exclusion criteria and experimental design flow chart of this study
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with a confirmed diagnosis accounted for 86.1% (105/122), while 17 
(13.9%) patients failed to be correctly diagnosed on CT- guided TCNB 
alone. The incorrect diagnoses of these 17 non- ROSE patients were 
as follows: 9 with chronic inflammation, 5 suspected tumour cells, 2 
with necrosis, and 1 suspected tumour cell with necrosis. However, 
these 17 patients were ultimately diagnosed with lung cancer (13), 
metastatic tumours (2), lymphoma (1), and tuberculosis (1). The 23 
initially undiagnosed patients by TCNB in the ROSE and non- ROSE 
groups were confirmed by secondary percutaneous pulmonary bi-
opsy or tracheoscopy. Compared with CT- guided TCNB alone, ROSE 
combined with CT- guided TCNB dramatically improved the diagnos-
tic accuracy from 86.1% to 96.3% in patients with suspected lung can-
cer (P = 0.002).

3.4  |  ROSE combined with CT- guided TCNB 
shows no increased risk of severe complication

As shown in Table 4, biopsy procedure- associated complications were 
reported in 60 patients (36.8%) in the ROSE group and 29 patients 
(23.8%) in the non- ROSE group (χ2 = 5.524; P = 0.019). Pneumothorax 
was the most common complication, which occurred in 20.9% and 
13.1% patients in the ROSE and non- ROSE groups, respectively 
(P = 0.089). Mild pneumothorax (less than 30% of lung compression) 
without thoracic drainage slightly increased in the ROSE group com-
pared with the non- ROSE group (14.1% vs 6.6%; P = 0.043). However, 
the incidence of severe pneumothorax requiring thoracic drain-
age was similar between the two groups (6.8% vs 6.6%; P = 0.949). 
Haemorrhage occurred in 21/163 (12.9%) patients in the ROSE group 
and 11/122 (9.0%) patients in the non- ROSE groups, respectively, with 
no significant difference (P = 0.306). Only one patient in the ROSE 
group developed haemothorax requiring thoracic drainage. Other rare 

Characteristics
ROSE group 
(n = 163)

Non- ROSE group 
(n = 122) P value

Gender, n (%) 0.512

Male 108 (66.26%) 85 (69.67%)

Age, years (IQR) 63 (56– 69) 64.5 (58– 71) 0.294

Final clinicopathological diagnosis

Diagnostic for malignancy 157 113 0.167

Adenocarcinoma 108 66

Squamous carcinoma 21 23

Small cell lung cancer 12 7

Adenosquamous carcinoma 1 0

NSCLC, not otherwise specified 4 7

Undifferentiated carcinoma 4 0

Metastatic malignancy 6 6

Malignant pleural mesothelioma 0 1

Lymphoma 1 3

Benign outcome 6 9

Size

<3 cm 36 23 0.505

≥3 cm 127 99

Abbreviations: IQR, interquartile range; NSCLC, non- small cell lung cancer; ROSE, rapid on- site 
evaluation.

TA B L E  1  Clinical characteristics of 
patients

TA B L E  2  Comparison between ROSE and the final 
clinicopathological diagnosis

ROSE

Final clinicopathological 
diagnosis

TotalBenign Malignant

Benign 6 3 9

Malignant 0 150 150

Suspicious 0 4 4

Total 6 157 163

Note: Diagnostic sensitivity was 95.54%; Diagnostic specificity was 
100%; Positive predictive values was 100%; Negative predictive value 
was 66.7%; Diagnostic accuracy was 95.71%
Abbreviation: ROSE, rapid on- site evaluation.

TA B L E  3  Comparison of tissue diagnostic value

Group

Final clinicopathological diagnosis

TotalConfirmation/support Suspicious/failure

ROSE 157 6 163

Non- 
ROSE

105 17 122

Total 262 23 285

Abbreviation: ROSE, rapid on- site evaluation.
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complications, including pleural reaction, chest distress, and subcuta-
neous emphysema, showed no significant difference between these 
two groups (P = 0.638). It was noteworthy that none of those patients 
experienced life- threatening complications.

4  |  DISCUSSION

An adequate qualified biopsy sample is essential for confirming a 
diagnosis of lung cancer. According to the recommendations in the 
latest National Comprehensive Cancer Network guideline, histologi-
cal confirmation is required for lung cancer before any non- surgical 
therapy. CT- guided TCNB is an effective method for the diagnosis of 
peripheral lung lesions. However, some atypical histological findings 
may affect the final diagnosis. A small portion of patients may fail to 
achieve definite diagnosis by CT- guided TCNB, which could delay 
the treatment. In addition, repeated biopsy may increase the risk of 
procedure- associated complications due to its invasive nature. It is 
particularly important to improve diagnostic efficiency and guaran-
tee patients' safety as well. In this study, we retrospectively evalu-
ated the efficiency and safety of ROSE combined with CT- guided 
TCNB for the diagnosis of patients with suspected lung cancer.

ROSE offers timely feedback regarding the cytomorphological 
adequacy and character of the biopsy sample, in addition to a pre-
liminary diagnosis of the lesion, and is commonly used to improve 
diagnostic efficiency for lung lesions.13,14 In our study, the diagnos-
tic sensitivity and specificity of ROSE were both greater than 95%. 
Meanwhile, the positive predictive value and negative predictive 
value were 100% and 66.7%, respectively, with the diagnostic ac-
curacy of ROSE as high as 95.7%. These results are consistent with 
those of a previous study that found improved diagnostic yield was 
achieved by ROSE during transbronchial biopsy for peripheral lung 
cancer.15

CT- guided TCNB is a commonly used technique to obtain tissue 
from lesions located in the periphery of the lung for differential di-
agnosis. As reported in previous studies, the diagnostic accuracy of 

CT- guided TCNB ranged from 83.4% to 97.6%.16– 18 A preliminary 
study containing 94 lesions indicated that ROSE combined with 
CT- guided transthoracic lung biopsy achieved a diagnostic yield of 
94.7%, which was higher than either histological diagnosis (91.5%) 
or cytological evaluation (83.0%) alone.10 The results of our study 
showed a higher diagnostic accuracy of 96.3% in ROSE group than 
that of 86.1% in the non- ROSE group (P = 0.002). These findings 
indicate that the combined usage of ROSE with CT- guided TCNB can 
achieve a better diagnostic yield for peripheral lung lesions than CT- 
guided TCNB alone.

As reported in a meta- analysis, the pooled complication rate for 
CT- guided transthoracic TCNB was 38.2%, whereas the incidence 
of main complications ranged from 4.8% to 5.7%.19 Pneumothorax 
is the most common complication for transthoracic needle biopsy, 
with an incidence of 12%– 45%.20 The rate of thoracic catheteri-
sation to relieve the symptoms of biopsy- associated complications 
varied greatly across studies, and was reported to be 2.0%– 15.0%.20 
Incidence of rare complications for CT- guided TCNB was found to 
be 0.02%– 0.4% for air embolism,20,21 0.012% for needle tract tu-
mour seeding22 and 0.16% for death.23 However, none of these rare 
complications just mentioned were reported in our study. The risk 
factors for the complications of CT- guided TCNB included longer 
needle path length from pleura to the lesion, emphysema, numbers 
of lesions, lesion located in lower lobe, small lesion, and supine posi-
tion.16,19,24 In our study, the overall incidence rate of complications in 
the ROSE group was slightly higher than that in the non- ROSE group, 
mainly presented as the increased occurrence of mild pneumothorax 
without drainage. Patients with mild pneumothorax required oxygen 
therapy only, which might have resulted from repeated adjustment 
of the needle and increased sessions of biopsy in the ROSE group. 
The occurrence of other complications, including major pneumotho-
rax requiring drainage, pulmonary haemorrhage, and some rare com-
plications, was similar between the two groups. In addition, it was 
noteworthy that no life- threatening complication associated with 
biopsy occurred in this study.

This was the first study to compare the efficiency and safety of 
the combined use of ROSE and CT- guided TCNB versus CT- guided 
TCNB alone in the diagnosis of peripheral lesions of the lung in a 
clinical study. However, a few limitations need to be considered re-
garding this study. First, the risk factors associated with increased 
complications, such as emphysema, length of needle path from 
pleura to the lesion, and operation time, were not analysed. Second, 
the retrospective nature of the data might have caused selection and 
recall bias or inconsistencies.

5  |  CONCLUSION

The results of CT- guided TCNB with ROSE were highly concordant 
with the final clinicopathological diagnosis for suspected malignant 
lesions of the peripheral lung. Of note is that the accuracy of ROSE 
reached as high as 95.7% for suspected lung cancer lesions. ROSE 
combined with CT- guided TCNB improved the diagnostic efficiency 

TA B L E  4  Comparison of CT- guided CNB associated 
complications

Complications
ROSE group 
(N = 163)

Non- ROSE group 
(N = 122) p value

Pneumothorax 34 16 0.089

<30% 23 8

≥30% 11 8

Haemoptysis 21 11 0.306

Mild 21 11

Moderate/
severe

0 0

Haemothorax 1 0 1.000a

Others 4 2 1.000a

Abbreviations: CT- guided CNB, computed tomography- guided core 
needle biopsy; ROSE, rapid on- site evaluation.aFisher exact test.
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without increasing the incidence of major complications associated 
with biopsy. In summary, the combination of ROSE with CT- guided 
TCNB was an effective and safe approach for the diagnosis of poten-
tial malignant lesions located in the periphery of the lung.
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