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Abstract
Objective: To investigate the value of computed tomography-guided percutaneous lung biopsy (CT-PLB) combined with rapid

on-site evaluation (ROSE) in the diagnosis of peripheral pulmonary lesions (PPLs). Methods: A total of 108 patients who diag-

nosed with PPLs by chest CTexamination were prospectively collected and randomly divided into ROSE group (n= 56) and No-

ROSE group (n= 52). Both groups received CT-PLB and pathological examination. The smear submitted for ROSE was stained

using Diff Quik dye. The accuracy, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), number

of punctures, puncture time and incidence of complications were compared between the two groups. Results: The accuracy,

sensitivity, specificity, PPV, and NPV of the ROSE group were 89.29%, 87.50%, 91.67%, 93.33%, and 84.62%, respectively. The

number of punctures in the ROSE group was significantly lower than that in the No-ROSE group (P< .05). The incidence of pneu-
mothorax and hemoptysis in the ROSE group were lower than those in the No-ROSE group, but there was no statistical differ-

ence between the two groups (P> .05). ROSE has good concordance with routine pathological examination in the diagnosis of

unidentified PPLs (Kappa= 0.786, P< .01). Conclusions: CT-PLB combined with ROSE is a safe and effective method for the

diagnosis of PPLs.
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Introduction
With the development of imaging technology, peripheral pul-
monary lesions (PPLs) are becoming more and more common
in clinical.1 Early detection and corresponding intervention
can effectively reduce the incidence of lung cancer and
improve the prognosis. By systematically analyzing the clinical
manifestations and chest imaging characteristics, it is often dif-
ficult to judge the benign and malignant of PPLs, which is not
conducive to follow-up treatment. At this time, pathological
diagnosis is particularly important.

According to the nature of PPLs, they can be divided into
benign and malignant lesions. Malignant lesions are usually
bronchial lung cancer.2 Since most patients with lung cancer
have developed to the advanced stage at the initial diagnosis,
they have lost the opportunity of operation at the time of diag-
nosis.3 Computed tomography-guided percutaneous lung

biopsy (CT-PLB) is a common technique to obtain pathological
diagnosis of lung lesions. For the successful puncture and
removal of diseased tissue, it depends on the empirical judg-
ment of the piercer’s naked eye. Finally, it needs to wait for
the confirmation of the pathological report. The waiting time
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is less than 2–3 days and more than 1 week. If the lesion tissue
is not punctured successfully, it needs to be punctured again,
which not only wastes the cost, but also wastes the patient’s
valuable time. Therefore, how to early and quickly judge
whether the pathological tissue is successfully punctured and
removed is an urgent problem to be solved. At the same time,
with the advent of the era of precision treatment, targeted
therapy and immunotherapy are playing an increasingly impor-
tant role in the treatment of lung cancer. It is also an urgent
problem to obtain enough samples to evaluate the gene status
and immune status of patients. ROSE is a technology for
rapid evaluation and preliminary diagnosis of collected tissue
samples and guiding the next operation.4 This technology is
mainly used in the process of bronchoscopy. Biopsy specimens
are made and stained on site, and then quickly evaluated to
judge whether the biopsy is successful.5,6 It is reported that
ROSE was also used in endobronchial ultrasound-guided fine
needle aspiration, which can improve the diagnostic yield,
reduce the number of puncture, and reduce the incidence and
cost of complications.7,8 ROSE, an auxiliary technique
applied in interventional pulmonology, is a real-time cytologic
interpretation technology and sampling process.9–12 Our study
is aimed to investigate the value of ROSE in the diagnosis of
PPLs during CT-PLB.

Materials and Methods

Patients
This study is a prospective randomized clinical study. In total, 204
patients who were hospitalized in Nanjing Chest Hospital from
January 2018 to December 2019 and diagnosed as PPLs by
chest CT were consecutively recruited, including 108 patients
who underwent CT-PLB. The patients were randomly divided
into ROSE group (n= 56) and No-ROSE group (n= 52).
Inclusion criteria: chest CT or PET-CT showed PPLs; the
lesions were at the level of subsegment and below the segmental
bronchus; the age was 18–90 years. Exclusion criteria: patients
with severe cardiopulmonary dysfunction; coagulation

dysfunction; those who cannot tolerate puncture. The study has
been reported in accordance with the Standards for Reporting
Diagnostic accuracy studies (STARD) checklist. Supplemental
Figure 1 shows the flow of participants through the study.

Procedure of CT-PLB
The clinician informed the purpose and precautions of puncture
before operation. There was no abnormality in electrocardiogram,
coagulation function, other routine examinations before operation.
CT examination was performed in all patients. In total, 128 slice
spiral CT was used (Aquilion, Toshiba). The supine position was
taken, and the slice thickness was 1 mm. Continuous scanning
was performed at a 10 mm slice distance from the top of the lung
to the bottomof the lung. The puncturewas performed by a profes-
sional physician, and the patient took the appropriate lying position
according to the lesion position shown by CT. CT images were
used to measure the size of the lesion and the distance from the
pleura, to avoid large blood vessels and bone structure, to select
the puncture point, to mark it, to sterilize it regularly, to lay a
towel, to infiltrate the anesthetic pleura layer by layerwith 2% lido-
caine, and to puncture outside the pleura wall. After the CT scan
confirms thedirectionof thepunctureneedle, puncture thepuncture
needle into the lung tissue, and scan again to confirm that the direc-
tion of the puncture needle is correct, If necessary, adjust the direc-
tion and puncture the puncture needle to the focus (Figure 1). All
operationswere performedby the samephysician as themainoper-
ator. In ROSE group, the pathologist printed the specimens on site,
immediately performedDiff Quik staining, and then read the spec-
imens with a special cytological microscope. The operation was
completed within 3 min.13 If microscopic observation showed
pathological cells and the sample was sufficient, the puncture
shall be stopped. If nopathological cellswereobservedor themate-
rials were not sufficient, decide whether to take materials again
according to the complications. In the No-ROSE group, the
sample satisfaction was judged by the puncture physician with
the naked eye, and the puncture times were determined according
to the complications.14 The obtained tissue was fixed with 10%
formaldehyde solution and immediately sent to the Department
of pathology for examination.

After puncture, routine chest CT scanning was performed to
observe whether there were complications such as pneumothorax.
Those without pneumothorax and bleeding were advised to stay
in bed for 24 h. For patients developed a little pneumothorax
post operation, chest x-ray was checked to observe pneumothorax
absorption after bed rest and oxygen therapy in 1 week. Patients
were ordered to stay in bed and take hemostatics if needle-path
hemorrhage or small quantity of hemoptysis was found. The
placement of a chest tube and anti-infection was considered in
the event a patient became symptomatic and dyspnea, chest dis-
tress, massive hemorrhage or a large pneumothorax was found.

Procedure of ROSE
After each patient’s biopsy, pick out the tissue with a disposable
5 ml syringe needle, and smear a circle with a diameter of aboutFigure 1. Computed tomographic (CT) scan of lesions.
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1 to 1.5 cm from the inside to the outside on the special slide for
cytology. The thickness is moderate. One smear of each tissue
was used for ROSE. The remaining tissue after the smear was
placed in the pathology bottle to be sent to the pathology depart-
ment for routine pathological examination. According to the
on-site sampling, at least 2 tissues and 2 smears were biopsied
for ROSE. At the operation site, the ROSE cytological smears
were quickly stained with Diff Quik dye, and the Diff A solu-
tion, Diff B solution, phosphate buffer and clean water were
poured into the glass dye tank with cover. Immerse the cytolog-
ical smears in Diff A solution for 30 to 35 s, then put it into the
phosphate buffer dye tank to wash, wash off the Diff A solution,
shake it dry, and then soak the substrate in the Diff B solution
for 40 s. Finally, wash off the dye in clean water, wipe the glass
slide with absorbent paper to complete the dyeing.

Diagnostic Criteria
Diagnostic criteria of malignant lesions include patients whose
biopsy histopathological findings showed malignancy and who
received surgical resection were considered as malignant.
Patients whose biopsy histopathological findings showed
malignancy and with no surgical indication after systemic eval-
uation or with less willing to accept surgery were considered to
be positive when the tumor size was reduced after radiotherapy,
chemotherapy, or targeted therapy. Diagnostic criteria for
benign lesions: patients whose biopsy histopathological find-
ings showed a benign lesion, a true benign nature was demon-
strated if the SPN had shrunk, disappeared, or there was no
change after follow-up for more than 1 year.

Statistical Analysis
SPSS 20.0 software was used to analyze the data. The counting
data is expressed in percentage (%), and the comparison is
adopted χ2 inspection. The measurement data were expressed
in x± s, and t-test is used for comparison. Correlations
between the ROSE group and the final pathological results
were assessed using the kappa statistic. The sensitivity, specif-
icity, PPV, NPV and diagnostic accuracy of ROSE during

CT-PLB were derived according to the relevant final pathologic
results. A power calculation was performed to estimate the
selected sample size for the study. P< .05 was considered stat-
istically significant.

Results

Clinical Data
We enrolled 204 patients in our study, including 108 patients
who underwent CT-PLB and 96 who did not. There was no sig-
nificant difference in gender, age, lesion size, distance from
lesion to pleura and pulmonary distribution of lesions between
the ROSE group and the No-ROSE group (P> .05) (Table 1).

Pathological Results of the ROSE and No-ROSE Group
There were 56 cases in ROSE group, including 30 cases of
malignant lesions (53.57%) and 26 cases of benign lesions
(46.43%). In ROSE group, the final pathological diagnosis
was 32 cases of malignant lesions (57.14%), including 5
cases of squamous cell carcinoma, 24 cases of adenocarcinoma,
2 cases of small cell lung cancer (SCLC), 1 case of
non-small-cell lung cancer-not otherwise specified
(NSCLC-NOS), and 24 cases of benign diseases (42.86%),
including 11 cases of inflammation, 4 cases of tuberculosis, 3
cases of fungal infection, 1 cases of sarcoidosis and 4 cases
of atypical hyperplasia. In the No-ROSE group, there were 28
cases (53.85%) of malignant lesions, including 3 cases of squ-
amous cell carcinoma, 19 cases of adenocarcinoma, 2 cases of
SCLC and 4 cases of NSCLC-NOS, and 24 cases of benign
lesions (46.15%), including 13 cases of inflammation, 4 cases
of tuberculosis, 3 cases of fungal infection, 1 cases of sarcoido-
sis and 3 cases of atypical hyperplasia. The specific pathological
types are shown in Table 2.

Table 1. Characteristics of the 2 Groups of Patients.

Group
Gender(male/

female)
Age

(years)

Size
of

PPLs
(mm)

Distance
from

PPLs to
pleura
(mm)

Location
of PPLs
(upper/
lower)

ROSE 30/26 59.83
±

12.15

2.48
±

0.42

4.38±
0.85

20/36

No-ROSE 28/24 59.36
±

12.57

3.37
±

0.54

4.67±
1.03

19/33

P .565 .519 .637 .873 .544

ROSE, rapid on-site evaluation; PPLs, peripheral pulmonary lesions.

Table 2. Final Pathological Diagnosis Results of CT-PLB With or
Without ROSE.

Result

ROSE group
(ROSE
results)

No-ROSE
group

Malignant
lesions

Adenocarcinoma 24 (14) 19
Squamous cell
carcinoma

5 (3) 3

SCLC 2 (3) 2
NSCLC-NOS 1 (10) 4

Benign lesions Inflammation 11 (13) 13
Tuberculosis 4 (5) 4

Fungal infection 3 (3) 3
Sarcoidosis 1 (1) 1

Atypical hyperplasia 4 (4) 3
Total 56 52

CT-PLB, computed tomography-guided percutaneous lung biopsy; ROSE,
rapid on-site evaluation; NSCLC-NOS, non-small cell lung cancer-not
otherwise specified; SCLC, small cell lung cancer.
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Comparison of CT-PLB Combined With or Without ROSE
Diagnosis for PPLs
In ROSE group, the diagnosis of PPLs by ROSE combined with
CT-PLB, the diagnostic accuracy, sensitivity, specificity, PPV
and NPV was 89.29%, 87.50%, 91.67%, 93.33%, and
84.62%, respectively. In No-ROSE group, the diagnostic accu-
racy, sensitivity, specificity, PPV and NPV was 82.69%,
82.76%, 82.61%, 85.71%, and 79.17%, respectively (Table 3).

Correlation Between the ROSE Result and Pathology in
ROSE Group
The ROSE results and pathological results were shown in
Table 4. Among them, the consistent rate of malignant
lesions was 87.50% (28 of 32), and that of benign lesions
was 84.62% (22 of 26). The ROSE results were in high consis-
tency with the pathological results（κ= 0.786, P< .01）.

Comparison of Puncture Related Indexes Between ROSE
and No-ROSE Group
The number of puncture in ROSE group was (2.18± 0.61), the
average puncture time was (16.08± 3.18) min, and the number
of puncture in No-ROSE group was (3.38± 0.75), the average
puncture time was (17.36± 3.36) min. there was no significant
difference in puncture time between the two groups (P> .05),
but there was significant difference in number of puncture (P
< .05) (Table 5).

In ROSE group, 4 cases of HE staining also showed that the
specimens were insufficient, and a second puncture biopsy was
performed within 1 month. In No-ROSE group, 11 cases were
negative or insufficient, and secondary puncture was performed
within 1 month. The second biopsy rate in ROSE group was
lower than that in No-ROSE group (7.14% vs 21.15%, P<
.05) (Table 5).

The incidence of complications in the ROSE group was
28.57%, including pneumothorax in 10.71% of cases and
hemoptysis in 17.86% of cases. The incidence of complications
in the No-ROSE group was 34.62%, including pneumothorax
in 13.46% cases, and hemoptysis in 21.15% of cases. There
was no significant difference between the two groups (P>
.05) (Table 5).

Cytological Characteristics of Smears by ROSE
Smears of adenocarcinoma were composed of adenoid struc-
ture, different sizes, abundant cytoplasm, and cells scattered
in multiple nucleoli (Figure 2a). SCLC manifests as obvious
irregular cell morphology and naked nucleus drawing like
changes (Figure 2b). Pulmonary abscess appears as a large
number of neutrophils and necrotic cells (Figure 2c).
Tuberculosis presents as granular and amorphous debris with
poorly preserved granulomas (Figure 2d).

Discussion
ROSE is a rapid on-site evaluation technology for rapid produc-
tion, staining and interpretation of the obtained samples when
collecting samples by puncture, biopsy, brush film and other
methods. Using this technique, the satisfaction of specimens
can be quickly evaluated and the flow direction of specimens
can be guided. Form a preliminary diagnosis to guide further
diagnosis and treatment. It was first applied to the field evalua-
tion of specimens obtained by transbronchial needle aspiration
(TBNA). In patients with negative ROSE, the number of TBNA
puncture will increase. The positive patients may help to reduce
the number of puncture guide the selection of positive sites, take
more samples for molecular biology detection, and reduce
unnecessary further examination. In the diagnosis and treatment
of central lung tumors, ROSE can shorten the operation time
and obtain more tissues for postoperative immunohistochemis-
try and gene detection.15 However, there are few reports on the
application of ROSE during CT-PLB.

This study found that ROSE had high sensitivity and specif-
icity. The PPV was 93.33%, the NPV was 84.62%, and the
diagnostic accuracy was 89.29%, which was highly consistent
with the histopathological results. ROSE is a rapid staining of
cell smears, so it is also insufficient in diagnosis. ROSE lacks
histological morphology, can’t effectively distinguish the

Table 3. Comparison of CT-PLB Combined With or Without ROSE Diagnosis for PPLs.

ROSE group

Final pathological diagnosis

Total No-ROSE group

Final pathological diagnosis

TotalMalignant lesions Benign lesions Malignant lesions Benign lesions

Malignant lesions 28 2 30 24 4 28
Benign Lesions 4 22 26 5 19 24
Total 32 24 56 29 23 52

CT-PLB, computed tomography-guided percutaneous lung biopsy; ROSE, rapid on-site evaluation; PPLs, peripheral pulmonary lesions.

Table 4. Correlation Between the Rapid On-Site Evaluation (ROSE)
Results and Pathology in ROSE Group.

ROSE results

Pathological results

TotalMalignant lesions Benign lesions

Malignant lesions 28 2 30
Benign lesions 4 22 26
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pathological types of lung cancer, and can only preliminarily
judge benign and malignant.

ROSEcombinedwithCT-PLBcanensure theadequacyof sam-
pling, improve the diagnostic yield, reduce the number of puncture
and complications, and provide support and help for the early
screening of malignant pulmonary lesions.16–18 This study
showed that under the guidance of ROSE technology, the
number of punctures is less than that of the No-ROSE group,
whichmaybedue to theguidanceofROSE technology formaterial
collection. If satisfactory specimens were obtained, the puncture
will be stopped. There was no significant difference in puncture

time between the two groups. Although ROSE may take some
time due to dyeing, production and reading, this part of time can
be greatly shortened with the increase of operator proficiency, so
the difference in puncture time was not statistically significant.
With the maturity of this technology, the puncture times will be
further controlled and the puncture time will be further shortened.

With the advent of the era of precision treatment, obtaining
enough samples to evaluate the patient’s pathological type,
molecular typing, gene status and immune status is an urgent
problem to be solved in medicine. Traditional CT-PLB can’t
ensure that effective specimens can be taken every operation.

Table 5. Comparison of Index Between Rapid On-Site Evaluation (ROSE) and No-ROSE Group.

Group Number of puncture (times) Puncture time (min)
Pneumothorax

[% (n)]
Hemoptysis
[% (n)] Secondary biopsy [% (n)]

ROSE 2.18± 0.61 16.08± 3.18 10.71 (6/56) 17.86 (10/56) 7.14 (4/56)
No-ROSE 3.38± 0.75 17.36± 3.36 13.46 (7/52) 21.15 (11/52) 21.15 (11/52)
P .035 .386 .443 .424 .033

Figure 2. Cytological characteristics of ROSE for AC, SCLC, tuberculosis and pulmonary abscess. ROSE: rapid on-site evaluation; SCLC: small
cell lung cancer.
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A few patients even need secondary puncture, which increases
the cost and risk of patients and even the time for patients to
wait for treatment. In this study, the samples were taken
under the guidance of ROSE technology. Because they could
not be diagnosed, the secondary biopsy rate was lower than
that of No-ROSE group. Therefore, ROSE is a significance in
specimen prediction and guiding further diagnosis. In clinical,
the author is also discussing whether ROSE can retain the
tissue for direct gene detection because of its high predictive
value, so as to save the time waiting for histopathological exam-
ination and avoid the tissue consumption caused by immunohis-
tochemistry for diagnosis. In terms of adverse reactions,
pneumothorax and hemoptysis are the most common adverse
reactions of CT-PLB. There was no significant difference in
the incidence of pneumothorax and hemoptysis between
ROSE group and No-ROSE group, indicating that ROSE did
not increase the incidence of adverse reactions.

This study was similar to previous studies. The conclusion is
that CT-guided fine needle aspiration cytology is a safe and
effective method for the diagnosis of pulmonary nodules,
with high sensitivity and specificity.19,20 ROSE can subclass
the morphological types of bronchial carcinoma in most
cases.21 The use of ROSE helps to ensure the adequacy of
samples and reduce the number of puncture, so as to minimize
complications such as pneumothorax.22

The technical access requirements for ROSE are relatively
low and the required equipment is simple. Only one micro-
scope, Diff reagent and short-term trained medical personnel
are required, including clinicians, technicians and even
nurses. Studies have shown that after 3 months of training in
ROSE diagnostic system, the accuracy rate of general doctors
can reach 80%, while that of specialized cytopathologists is
92%. There is no significant difference between the two.23

Therefore, ROSE has been carried out in about 55% of
centers in Asia and almost all (98%) in the United States.24

There are two limitations in our studies. First, it is a single-
center study. Second, the study sample size is a little small and
we hope to continue to study this problem in our future study
after more samples were collected.

Conclusions
In conclusion, the application of ROSE in the diagnosis and
treatment of CT-PLB improves the diagnostic efficiency.
Without increasing complications, it may predict the flow direc-
tion of samples, which is safe and effective, and is worthy of
clinical promotion.
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