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Introduction

Rapid on-site evaluation (ROSE) during bronchoscopy has 
a great importance, because it provides instant feedback 
on whether the obtained specimens include the target 
lesions. Although several reports have described the 
utility of ROSE, most of these reports focused on ROSE 

during transbronchial needle aspiration (TBNA). The 
first randomized trial evaluating the usefulness of ROSE 
during conventional TBNA was conducted by Trisolini 
et al. in patients with lymphadenopathy. They concluded 
that ROSE can help avoid additional biopsies without a 
loss in diagnostic yield (1). Oki et al. published the first 
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randomized trial aimed at assessing the utility of ROSE 
during endobronchial ultrasound-guided TBNA (EBUS-
TBNA) for the diagnosis of lymph node metastasis in lung 
cancer. Patients with ROSE during EBUS-TBNA were 
significantly more likely to avoid additional bronchoscopic 
procedures (2). However, there have been only a few reports 
on ROSE during transbronchial biopsy (TBB) for peripheral 
pulmonary lesions (PPLs). TBB is widely performed for the 
diagnostic evaluation of patients with lung cancer or other 
lung diseases because of less complications, compared with 
those of CT-guided transthoracic biopsy (3,4). Sufficient 
tissue materials are required for defining the subtypes of 
lung cancer, testing gene mutations, and analyzing PD-L1 
expression, all of which are essential for targeted therapy 
or precision medicine (5); TBB has been reported to be 
sufficient for such evaluations (6,7).

Touch imprint cytology (TIC) is a simple and rapid 
technique and was reported to be an effective cytological 
assessment on TBB specimens (8,9). Now, as therapy for 
lung cancer has dramatically changed, clinical requirements 
for bronchoscopic sampling are also changing; sufficient 
numbers of specimens of high quality are clinically 
required. Regarding conducting TBB, radial probe EBUS 
has been developed for better diagnostic yield for PPLs 
(10,11). There are few evidences on the utility of ROSE-
TIC during TBB in the era of “advanced” techniques and 
therapies. Thus, this study aims to assess the feasibility and 
accuracy of ROSE-TIC by showing the correlation among 
the results of ROSE-TIC, histological findings, and final 
diagnosis and show the success rate of molecular testing for 
targeted therapy using bronchoscopic specimens.

Methods

Study design and patients

This was a single-center retrospective chart review of 528 
patients who underwent bronchoscopy combined with ROSE 
at the Chiba University Hospital between January 2014 and 
September 2017. All analyses were performed in accordance 
with the amended Declaration of Helsinki. Written informed 
consent for bronchoscopy was obtained from each patient. 
Because data anonymization and privacy issues were 
protected and the approval for the opt-out consent method 
were given by the Chiba University Hospital (approval 
number 2584), additional informed consent for this research 
was waived due to the design of retrospective chart review of 
clinical history and diagnostic results.

Bronchoscopy

All examinations were performed using a f lexible 
bronchoscope. The bronchoscope was inserted through 
the oral route under mild sedation following pharyngeal 
anesthesia. In cases of PPLs, virtual bronchoscopic 
navigation (Ziostation2; AMIN, Japan) was created prior to 
performing endobronchial ultrasound with a guide sheath 
(EBUS-GS). The radial EBUS probe (20 MHz mechanical 
radial type, UM-S20-20R or UM-S20-17S; Olympus, 
Japan) was inserted into the GS kit (K-201 or K-203; 
Olympus, Japan). After reaching the target lesion, TBB, 
brushing, and/or needle aspiration was performed under 
fluoroscopic guidance. In this study, bronchoscopically 
visible target lesions were defined as central lesions, whereas 
other lesions were classified as peripheral lesions.

Specimen handling

The obtained materials from forceps biopsy were touched 
onto glass slides as imprint cytology. The glass slides were 
air-dried, stained by Diff-Quik stain (American Scientific 
Products, McGaw Park, IL). Pictures of the procedure are 
shown in Figure S1. The remaining materials were placed 
in 10% neutral buffered formalin and were then embedded 
in paraffin for histological evaluation on hematoxylin and 
eosin staining. The cells sampled by brushing or needle 
aspiration were spread onto two glass slides; one slide was 
fixed in 95% ethanol for Papanicolaou staining, and the 
other slide was air-dried for ROSE for brushing cytology 
(ROSE-BC) and ROSE for transbronchial needle aspiration 
cytology (ROSE-AC).

ROSE and final diagnosis

ROSE was performed by a cytotechnologist who was 
certified by the Japanese Society of Clinical Cytology. The 
materials were diagnosed and categorized as either positive 
or negative for malignancy. The term “positive” was 
defined as the presence of cancer cells or cells suspicious for 
malignancy. The results of ROSE-TIC were compared with 
the histological findings and final diagnosis. The results 
of the ROSE-BC or ROSE-AC were compared with the 
cytological findings and final diagnosis. For the cytological 
assessment, malignant cells were defined as class III to 
class V according to the Papanicolaou classification. Final 
diagnosis was defined as the outcome of the histological 
findings on bronchoscopy or other procedures, such as CT-
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guided transthoracic needle aspiration or surgical resection, 
observation, and response to medical treatments.

Molecular testing

Molecular testing was performed in patients diagnosed 
with non-small cell lung cancer (NSCLC). EGFR mutation 
status was evaluated by the peptide nucleic acid-locked 
nucleic acid polymerase chain reaction (PCR) clamp 
method. To detect anaplastic lymphoma receptor tyrosine 
kinase ALK rearrangements, immunohistochemistry scoring 
and fluorescent in situ hybridization were performed. 
Reverse transcriptase PCR was performed to detect ROS1 
rearrangements. These evaluations were conducted by an 
outsourcing company (LSI Medience Corp., Tokyo, Japan). 
PD-L1 expression was analyzed in-house using the PD-L1 
IHC Dako 22C3 pharmDx assay (Dako autostainer Link 48).

Statistical analysis

The sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and diagnostic accuracy 
of ROSE-TIC were calculated according to standard 
definitions. The success rates of ROSE-TIC for molecular 
analysis were also calculated. Data analysis was performed 
using Microsoft Excel software package (Microsoft 
Corporation, Redmond, WA, USA).

Results

Study population and characteristics

In total, 528 patients underwent bronchoscopy with ROSE, 
in which 460 patients underwent bronchoscopy with 
ROSE-TIC. Table 1 summarizes the patient characteristics. 
There were 301 males (65.4%) and 159 females (34.6%), 
and the median age was 69 (range, 16–91) years. Diagnostic 
bronchoscopy was performed in 385 cases (83.7%) for 
PPLs and 75 cases (16.3%) for central lesions. The final 
diagnoses comprised 377 malignant cases (82.0%) and 83 
non-malignant cases (18.0%). A total of 99 cases (21.5%) 
were not diagnosed by bronchoscopy. Of these, diagnosis 
was achieved by observation or in response to medical 
treatment in 41 cases (41.0%), by surgical resection in 39 
cases (39.0%), by performing an additional bronchoscopy 
in 13 cases (13.0%), and by CT-guided transthoracic 
needle aspiration in 2 cases (2.0%). In cases diagnosed 
by observation or in response to medical treatment, the 

mean time from performing bronchoscopy to reaching the 
diagnosis was 6.6 months (Tables S1,S2).

Correlation between ROSE and examination results

First, compared with the histological findings, ROSE-TIC 
showed sensitivity, specificity, PPV, NPV, and diagnostic 
accuracy values of 91.1%, 90.4%, 94.8%, 84.0%, and 
90.9%, respectively and discordant results were shown in 
42 cases (9.1%) (Table 2). Second, compared with the final 
diagnosis, ROSE-TIC showed sensitivity specificity, PPV, 
NPV, and diagnostic accuracy values of 75.3%, 91.6%, 
97.6%, 45.0%, and 78.3%, respectively, and discordant 
results were shown in 100 cases (21.7%) (Table 3). The same 
calculations were performed for ROSE-BC and ROSE-AC, 
as shown in Tables S3-S6.

Among the 42 cases in which the ROSE-TIC results and 
the histological findings were discordant, 15 cases (3.3%) 
were positive according to ROSE-TIC and negative for 
the histological findings. The details are summarized in 
Table 4. Seven of the 15 cases (1.5%) were negative at the 
final diagnosis, that is, they were false-positive cases, and 
4 of those cases were suspicious for lung cancer before 
bronchoscopy and were finally diagnosed with interstitial 
lung disease. Eight of the 15 cases (1.7%) were positive at 
the final diagnosis. Four cases were positive according to 
brushing cytology during the same bronchoscopy; thus, 
those patients did not receive further examinations for 
determining a diagnosis.

Evaluation of molecular analysis

As shown in Table 5, the success rates of ROSE-TIC for 
molecular analysis testing of the NSCLC cases were 96.6% 
for EGFR mutation, 87.3% for ALK rearrangement, 93.1% 
for ROS1 rearrangement, and 96.2% for PD-L1 expression.

Discussion

In this study, we demonstrated two important features in 
clinical practice. First, ROSE-TIC showed high correlation 
with the histologic findings and final diagnosis with high 
sensitivity and PPV. Second, tissue sampling by TBB 
combined with ROSE-TIC showed high success rate for 
molecular testing for targeted therapy. These results suggest 
the clinical feasibility and accuracy of ROSE-TIC during 
TBB.

Our results showed that the results of ROSE-TIC were 
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Table 1 Clinical characteristics of the patients

Characteristics All patients ROSE-TIC patients

Total, n 528 460

Age (years)

Median [range] 69 [16–91] 69 [16–91]

Gender, n (%)

Male 344 (65.2) 301 (65.4)

Female 184 (34.8) 159 (34.6)

Site*, n (%)

Peripheral 436 (82.6) 385 (83.7)

Central 92 (17.4) 75 (16.3)

Final diagnosis, n (%)

Non-squamous cell carcinoma 270 (51.1) 240 (52.2)

Squamous cell carcinoma 83 (15.7) 72 (15.6)

NSCLC, not otherwise specified 5 (0.9) 6 (1.3)

Small cell lung cancer 31 (5.9) 24 (5.2)

Lymphoma 7 (1.3) 7 (1.5)

Metastatic malignancy 28 (5.3) 23 (5.0)

Other malignancy 6 (1.1) 5 (1.1)

Granuloma 5 (0.9) 5 (1.1)

Organizing pneumonia 13 (2.5) 12 (2.6)

Infection 24 (4.5) 21 (4.6)

Other benignity 56 (10.6) 45 (9.8)

Procedure, n (%)

Brushing 443 (83.9) 408 (88.7)

TBB 485 (91.9) 460 (100.0)

TBAC 72 (13.6) 31 (6.7)

*, Peripheral was defined as bronchoscopically invisible, and central was defined as bronchoscopically visible. ROSE-TIC, rapid on-
site evaluation of touch imprint cytology; NSCLC, non-small cell lung cancer; TBB, transbronchial biopsy; TBAC, transbronchial needle 
aspiration cytology.

Table 2 Correlation between ROSE-TIC and histological findings

ROSE-TIC
Histological findings

Malignant Non-malignant Total

Positive 276 15 291

Negative 27 142 169

Total 303 157 460

Sensitivity, 91.1%; specificity, 90.4%; PPV, 94.8%; NPV, 84.0%; accuracy, 90.9%. ROSE-TIC, rapid on-site evaluation of touch imprint 
cytology.
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highly correlated with the histological findings and the final 
diagnosis. A previous study for EBUS-GS cases showed that 
ROSE-TIC for PPLs had a high accuracy, even in cases 
with ground-glass opacities (12). Another recent published 

report demonstrated that although ROSE-TIC for TBB 
did not improve the overall diagnostic yield, it improved 
the accuracy for PPLs (13). ROSE for malignant cases had 
a high concordance rate with the histological findings and 

Table 3 Correlation between ROSE-TIC and final diagnosis

ROSE-TIC
Final diagnosis

Malignant Non-malignant Total

Positive 284 7 291

Negative 93 76 169

Total 377 83 460

Sensitivity, 75.3%; specificity, 91.6%; PPV, 97.6%; NPV, 45.0%; accuracy, 78.3%. ROSE-TIC, rapid on-site evaluation of touch imprint 
cytology.

Table 4 Details of the discordant cases of positive for ROSE-TIC and negative for histological findings

Case
Diagnosis before bron-
choscopy

ROSE-TIC 
results

Histological findings Final diagnosis Procedures to make diagnosis

#1 Lung cancer Malignant 
cells

No evidence of malignancy Granuloma Surgical resection

#2 Lung cancer Malignant 
cells

Organizing pneumonia Organizing pneumonia Surgical resection

#3 Lung cancer Atypical cells No evidence of malignancy Inflammatory nodule Clinical diagnosis

#4 Lung cancer Atypical cells Organizing pneumonia Organizing pneumonia Initial bronchoscopy (histology)

#5 Infection Atypical cells Organizing pneumonia Organizing pneumonia Initial bronchoscopy (histology)

#6 Drug induced pneumonitis Atypical cells Organizing pneumonia Drug induced pneumonitis Clinical diagnosis

#7 Acute pneumonia or graft-
versus-host disease

Atypical cells No evidence of malignancy Acute pneumonia Clinical diagnosis

#8 Lung cancer Malignant 
cells

No evidence of malignancy Adenocarcinoma Pleural effusion cytology

#9 Lung cancer Malignant 
cells

No evidence of malignancy Adenocarcinoma Clinical diagnosis

#10 Lung cancer Malignant 
cells

No evidence of malignancy Adenocarcinoma Redo bronchoscopy

#11 Lung cancer Malignant 
cells

No evidence of malignancy Adenocarcinoma Initial bronchoscopy (brushing)

#12 Lung cancer Malignant 
cells

Granuloma Squamous cell carci-
noma

Initial bronchoscopy (brushing)

#13 Lung cancer Atypical cells No evidence of malignancy Squamous cell carci-
noma

Initial bronchoscopy (brushing)

#14 Lung cancer Atypical cells No evidence of malignancy Adenocarcinoma Initial bronchoscopy (brushing)

#15 Lung cancer Atypical cells No evidence of malignancy Adenocarcinoma Initial bronchoscopy (brushing)

ROSE-TIC, rapid on-site evaluation of touch imprint cytology.
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that it may be useful for early clinical decision-making. 
A positive result on ROSE provides useful information 
to bronchoscopists, guiding the decision on finishing 
procedures after sampling enough tissues. This way, the 
number of biopsies may be reduced, and the procedure time 
may be shortened, as previously reported (2,14). Moreover, 
the invasiveness of the procedure may be minimized, and 
treatment can be administered sooner. On the other hand, 
the proportion of discordant cases that were positive on 
ROSE-TIC and negative on histological findings was 3.3% 
(15 cases) and higher than those reported in previous studies 
(12,13). Moreover, as shown in Table 3, the proportion 
of discordant cases that were positive on ROSE-TIC but 
negative on final diagnosis was 1.5% (7 cases). Notably, only 
few studies have compared the results of ROSE and the final 
results. One of the reasons for the discrepancy in the results 
between our study and the previous studies could be our 
categorization of atypical cells as positive for malignancy. 
Many cases of our discordant cases were diagnosed as 
atypical cells, which may have reflected reactive changes 
secondary to inflammation and not necessarily be suspicious 
for malignancy. However, in case 1, the ROSE-TIC 
results were suggestive of adenocarcinoma but required 
further histological examination for confirmation of 
adenocarcinoma (Figure S2). A previous report pointed 
out that the diagnosis of PPLs is more difficult than that 
of lymph nodes due to the presence of bronchial ciliated 
epithelium, bronchial cartilage, and abundant inflammatory 
cells around the lesion (12). Another report suggested 
that marked reactive atypia and metaplastic changes in 
the bronchial epithelium and dysplasia of squamous cells 
potentially cause false-positive diagnoses (15). Moreover, 
because the diagnosis by ROSE-TIC needs to be immediate 
and is based on a small amount of information, complete 
examination of the specimen for diagnosing benignancy or 
malignancy may be difficult. For cases 1 and 2 in this study, 
the cytotechnologist has received clinical information on the 
suspicion for malignancy in advance from the physician; this 

may have influenced the ROSE-TIC reading of malignancy. 
Another factor to consider was the difference between the 
person who read the ROSE-TIC and the one who evaluated 
the histopathology. Therefore, false positives on ROSE-
TIC should be always considered until the final histological 
results are acquired. Important clinical decisions that may 
directly affect patient outcomes such as implementing 
chemotherapy should not be performed based on the ROSE 
results alone. Although paying attention to its interpretation 
is necessary, ROSE-TIC had a sufficiently high reliability, 
considering the high sensitivity and PPV shown in our 
results.

Most of the tissue samples on which we performed 
ROSE-TIC were evaluable for molecular analysis and PD-
L1 expression. The evidence-based guidelines published by 
the College of American Pathologists suggested that EGFR, 
ALK, and ROS1 testing should be performed for molecular 
therapy (16). Some studies reported that PD-L1 expression 
should be assessed for immunotherapy and can be a 
predictor of better survival in patients treated with immune 
checkpoint inhibitors (16,17). Because analyses of molecular 
mutations and PD-L1 expression mainly necessitate the use 
of tissue specimens, repeated biopsies are required (18). In 
this study, these evaluations were highly successful as shown 
in Table 5. As mentioned above, ROSE-TIC showed high 
sensitivity and PPV; therefore, positive ROSE-TIC results 
confirm the adequate location for sampling. Procurement 
of sufficient amount of sufficient materials can enable the 
evaluation of molecular mutations and PD-L1 expression 
for targeted therapy.

There were several limitations of our study. First, this 
was a retrospective and single-center study. Although 
ROSE-TIC showed high concordance with the histological 
and final results, its value in improving the diagnostic 
yield was not certain. Second, all ROSE-TIC procedures 
were performed only by one cytotechnologist. ROSE-
TIC should be performed by multiple cytotechnologists to 
realize universality. A prospective, randomized, multicenter 

Table 5 Success rates for the molecular analysis of NSCLC cases

Biomarker Evaluable Unevaluable Total Success rate, %

EGFR 226 8 234 96.6

ALK 186 27 213 87.3

ROS1 27 2 29 93.1

PD-L1 44 2 46 96.2

NSCLC, non-small cell lung cancer.
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study is needed to confirm these matters.
In conclusion, ROSE-TIC showed high correlation 

with the histologic findings and final diagnosis. Moreover, 
tissue sampling combined with ROSE-TIC resulted in high 
success rate for molecular analysis for targeted therapy; 
however, further study is needed to validate our results.
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Supplementary

Figure S1 ROSE-TIC procedure (A,B,C) Using tweezers, the specimens obtained from forceps biopsy are touched onto glass slides as 
imprint cytology; (D) the glass slides are air-dried and stained using Diff-Quik stain; (E) microscopic examination is performed by a cytologist.

Figure S2 Findings in Diff-Quik stain in case 1 (400×). Bronchial 
ciliated epithelium with large and small nuclei is observed. Some of 
these cilia are not seen, and differentiation of these findings from 
adenocarcinoma is required.
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Table S1 Diagnostic results by bronchoscopy

Diagnostic results All patients ROSE-TIC patients

Total, n 528 460

Diagnostic results, n (%)

Diagnostic 402 (76.1) 361 (78.5)

Non-diagnostic 126 (23.9) 99 (21.5)

ROSE-TIC, rapid on-site evaluation of touch imprint cytology.

Table S2 Diagnostic modalities from initial bronchoscopy to making diagnosis in case of non-diagnostic results

Modalities All patients ROSE-TIC patients

Total, n 126 99

Observation or response to medical treatments, n (%) 52 (41.3) 41 (41.0)

Surgical resection, n (%) 53 (42.1) 39 (39.0)

Redo Bronchoscopy, n (%) 14 (11.1) 13 (13.0)

CT-guided transthoracic needle aspiration, n (%) 2 (1.6) 2 (2.0)

Others, n (%) 5 (4.0) 4 (4.0)

ROSE-TIC, rapid on-site evaluation of touch imprint cytology.

Table S3 Correlation between ROSE-BC and cytological findings

ROSE-BC
Cytological findings

Malignant Non-malignant Total

Positive 181 10 191

Negative 54 166 220

Total 235 176 411

Sensitivity, 77.0%; specificity, 94.3%; PPV, 94.8%; NPV, 75.5%; accuracy, 84.4%. ROSE-BC, rapid on-site evaluation of brushing 
cytology.

Table S4 Correlation between ROSE-AC and cytological findings

ROSE-AC
Cytological findings

Malignant Non-malignant Total

Positive 34 5 39

Negative 4 22 26

Total 38 27 65

Sensitivity, 89.5%; specificity, 81.5%; PPV, 87.2%; NPV, 84.6%; accuracy, 86.2%. ROSE-AC, rapid on-site evaluation of transbronchial 
needle aspiration cytology.



Table S5 Correlation between ROSE-BC and final diagnosis

ROSE-BC
Final diagnosis

Malignant Non-malignant Total

Positive 187 4 191

Negative 145 75 220

Total 332 79 411

Sensitivity, 56.3%; specificity, 94.9%; PPV, 97.9%; NPV, 34.1%, accuracy, 63.7%. ROSE-BC, rapid on-site evaluation of brushing 
cytology.

Table S6 Correlation between ROSE-AC and final diagnosis

ROSE-AC
Final diagnosis

Malignant Non-malignant Total

Positive 39 0 39

Negative 18 8 26

Total 57 8 65

Sensitivity, 68.4%; specificity, 100%; PPV, 100%; NPV, 30.8%; accuracy, 72.3%. ROSE-AC, rapid on-site evaluation of transbronchial 
needle aspiration cytology.
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