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Abstract

Aims—The IASLC/ATS/ERS classification of lung adenocarcinoma provides a prognostically
significant histologic subclassification. The aim of this study is to investigate the accuracy,
limitations, and interobserver agreement of frozen sections (FS) for predicting histologic subtype.

Methods and results—FS and permanent section slides from 361 resected stage | lung
adenocarcinomas < 3 cm were reviewed for predominant histologic subtype and presence or
absence of lepidic, acinar, papillary, micropapillary, and solid patterns. Fifty cases were
additionally reviewed by 3 pathologists to determine interobserver agreement. To test the accuracy
of FS in judging degree of invasion, 5 pathologists reviewed FS slides from 35 cases with
predominantly lepidic pattern. There was moderate agreement on predominant histologic subtype
between FS and final diagnosis (x = 0.565). FS had high specificity for micropapillary and solid
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patterns (94% and 96%, respectively), but sensitivity was low (37% and 69%, respectively). The
interobserver agreement was satisfactory (x > 0.6, except for acinar pattern).

Conclusions—FsS can provide information on the presence of aggressive histologic patterns —
micropapillary and solid — with high specificity but low sensitivity. It was difficult to predict the
predominant pattern based on frozen section mostly due to sampling issues.

Keywords

Lung adenocarcinoma; Frozen sections; Histologic subtype; Micropapillary; Solid; Invasion;
Limited resection

Introduction

Lung cancer is the leading cause of cancer death worldwide,! and adenocarcinoma is
currently the most common histologic subtype of lung cancer.2 3 With the widespread use of
computed tomography (CT), and with the recent National Cancer Institute National Lung
Cancer Screening Trial (NLST) findings 4 on the utility of screening CT scans in high-risk
smokers, small early-stage lung adenocarcinomas are expected to be detected more
frequently. Surgical resection is the standard of treatment for these patients. However, there
is currently no widely accepted criteria for deciding the extent of surgical resection (ie,
sublobar vs lobar resection).> 6

Histologic subtyping is increasingly recognized as a powerful predictor of biological
behavior in lung adenocarcinoma, and it would be helpful if this information were available
when deciding the extent of surgical resection. The predominant histologic subtype—
according to the newly proposed International Association for the Study of Lung Cancer,
American Thoracic Society, and European Respiratory Society (IASLC/ATS/ERS)
classification’—has been shown to correlate with clinical outcome in multiple independent
studies.8-11 In addition, the presence of micropapillary or solid patterns has consistently
been shown to correlate with poor prognosis.}2-22 Qur group has reported that, in tumors
with micropapillary histologic pattern, limited resection led to higher rates of locoregional
recurrence, compared with anatomic resection.?3 These results suggest that limited resection
may not be sufficient for these aggressive tumors. On the contrary, adenocarcinoma in situ
(AIS) and minimally invasive adenocarcinoma (MIA) have been shown to achieve a 5-year
disease-free survival of 100%.8-10 These categories seem to be ideal candidates for sublobar
resection, whereas this approach is less optimal for invasive adenocarcinomas with poorly
differentiated subtypes, because they carry significant risk of recurrence.8-10.23

To consider histologic features in the decision to perform limited resection versus anatomic
resection, these features need to be accurately identified either preoperatively or
intraoperatively. Intraoperative frozen section is a practical option, and it is superior to
preoperative biopsy because, with intraoperative frozen section, pathologists usually have a
larger amount of tissue available for evaluation. However, whether frozen section can be
used to accurately identify histologic subtypes is not known.
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In this study, we focused on stage | lung adenocarcinomas < 3 cm, which are potential
candidates for limited resection. The primary aim of this study was to clarify the strengths
and limitations of frozen section for the identification of histologic features of prognostic
significance. We investigated (1) the accuracy of frozen section for predicting the final
histology (as determined by permanent section), especially the predominant histologic
subtype, and the presence or absence of micropapillary and solid patterns; (2) the ability of
frozen section to discriminate between AIS, MIA, and invasive adenocarcinomas; (3) the
interobserver agreement between different pathologists; and (4) the reasons for the
discrepancy between frozen section diagnoses and permanent section diagnoses.

Materials and methods

Patient Selection

(A)Study Cohort for Evaluation of Predominant Histologic Subtype and
Presence or Absence of Major Histologic Patterns—Following approval by the
institutional review board at Memorial Sloan-Kettering Cancer Center, we retrospectively
identified 361 patients as a study cohort (Figure 1). The clinical data were retrieved from the
Memorial Sloan-Kettering Cancer Center Thoracic Service database. Other aspects of some
of these cases were previously reported.% 24

(B) Study Cohort for Evaluation of Degree of Invasion—Thirty-five cases with the
histologic profile of predominant lepidic growth pattern constituted the study cohort for
evaluation of degree of invasion. The 35 cases included 30 cases selected from the
aforementioned study cohort of 361 cases and 5 additional cases in which frozen section was
performed between 2011 and 2012. In these 5 additional cases, the inflation method was
applied during frozen section, using an approach similar to that described elsewhere.25: 26
Before tissue sectioning, the lung specimens were inflated with 1:1 diluted embedding
medium (Tissue-Tek OCT; Sakura Finetek, Torrance, CA), using 22-gauge needles through
the pleura, until the lung tissue swelled sufficiently. The final diagnoses for these 35 cases
were 2 AlS, 15 MIA, and 18 lepidic predominant adenocarcinoma (LPA).

Evaluation of Permanent Section Slides

All available hematoxylin and eosin—stained permanent section slides were reviewed by 3
pathologists (K.K., A.Y., and Y.C.Y.), and problematic cases were additionally reviewed by
a senior pathologist (W.D.T.) (Suppl Figure 1). Histologic classification was performed
according to the newly proposed IASLC/ATS/ERS lung adenocarcinoma classification.”
Comprehensive histologic subtyping was also performed, with the percentage of each
histologic component in each tumor recorded in 5% increments.2” The predominant
histologic subtype was determined by the histologic pattern with the highest percentage (this
was not necessarily 50% or greater).

Evaluation of Frozen Section Slides for Predominant Histologic Subtype and Presence or
Absence of Major Histologic Patterns

The frozen section slides for all patients were reviewed by a pathologist (Y.C.Y.) to judge
the predominant histologic subtype and the presence or absence of lepidic, acinar, papillary,
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micropapillary, and solid patterns (Figures 2 and 3). Each case had 1 frozen section slide
that contained tumor. To assess interobserver agreement, 50 cases were randomly chosen
from the total 361 cases. The frozen section slides for these 50 cases were additionally
independently reviewed by two other pathologists (K.K. and W.D.T.) to determine the
predominant histologic subtype and the presence or absence of lepidic, acinar, papillary,
micropapillary, and solid patterns. Interobserver agreement was calculated for each
parameter.

Evaluation of Frozen Section Slides for Degree of Invasion

The frozen section slides for the 35 cases were independently reviewed by 5 pathologists
(Y.C.Y., KK, NR., ALM., and W.D.T.). Each case had 1 frozen section slide that
contained tumor. Clinical information—including tumor size; CT images, including slice
thickness; and maximal standardized uptake value on fluorodeoxyglucose positron emission
tomography—was provided. The pathologists were asked to choose between “favor AlS,”
“favor MIA,” and “favor invasive adenocarcinoma,” on the basis of the frozen section slides
and the clinical information. In addition, the pathologists were asked to subjectively evaluate
the quality of the frozen section slides as “good,” “average,” or “poor.”

Determination of the Reason for Discrepancy between Frozen Section Diagnoses and
Permanent Section Diagnoses

To analyze the reasons for discrepancy, we used frozen section control slides, which were
cut from the paraffin blocks of the remaining frozen tissue, as a reference for the original
frozen section slides. Frozen section control slides were available for 243 of the 361 cases,
and all slides were reviewed (by Y.C.Y.) for predominant histologic subtype and presence or
absence of lepidic, acinar, papillary, micropapillary, and solid patterns.

The approach used to determine the reasons for discrepancy is illustrated in Supplemental
Figure 2. In brief, if the interpretation was the same for the original frozen section slides and
the frozen section control slides but was different from that for the permanent section slides,
we considered the reason for discrepancy to be sampling error. If the interpretation was the
same for the frozen section control slides and the permanent section slides but was different
from that for the original frozen section slides, we considered the reason for discrepancy to
be interpretation error. If the interpretations for the original frozen section slides, the frozen
section control slides, and the permanent section slides were all different from each other,
we considered the reason for discrepancy to be sampling error plus interpretation error.

Clinical Outcome Measurement and Follow-up

In our study cohort, all of the patients had stage | disease, and a high percentage of the
deaths were unrelated to lung adenocarcinoma. Therefore, we chose time to recurrence as
our primary outcome measurement, which more accurately reflects the biological behavior
of the tumors.® Time to recurrence was defined as the time from the date of operation to the
date of disease recurrence. Patients who died of causes other than lung cancer or who were
alive on the last follow-up date were censored. Recurrences were classified in accordance
with the Society of Thoracic Surgeons Workforce recommendations.28 Local recurrence was
defined by tumor recurrence in the same lobe or at the surgical margin of the original tumor.
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Regional recurrence was defined by tumor recurrence in another ipsilateral lobe, in the
ipsilateral hilar lymph nodes, or in the ipsilateral mediastinal lymph nodes. Distant
recurrence was defined by tumor recurrence in the ipsilateral supraclavicular lymph nodes,
in the contralateral mediastinal nodes, in the contralateral lung, or elsewhere outside the
hemithorax.

Statistical Analysis

Results

K statistics were applied to measure the degree of interobserver agreement, as well as the
agreement between frozen section diagnoses and permanent section diagnoses. The degree
of agreement was interpreted as follows: slight agreement (« = 0.00-0.20), fair agreement (x
= 0.21-0.40), moderate agreement (x = 0.41-0.60), substantial agreement (x = 0.61-0.80),
and almost perfect agreement (i = 0.81).2°

Associations between categorical variables were analyzed using Fisher’s exact test. Survival
curves were estimated using the Kaplan-Meier method, and differences between subgroups
were compared using the log-rank test. All statistical analyses were performed using two-
tailed P values. P < 0.05 was considered to indicate statistical significance. All analyses
were performed using SAS statistical software (version 9.2; SAS Institute, Cary, NC).

Clinicopathologic Characteristics of the Patients

The clinicopathologic characteristics of the 361 patients in the study cohort are summarized
in Table 1.

Interobserver Agreement for Predominant Histologic Subtype and Presence or Absence of
Histologic Patterns Using Frozen Sections

Among the 3 pathologists, there was substantial agreement on predominant histologic
subtype (x = 0.662): in 64% of cases, all pathologists made the same diagnosis (Table 2).
With regard to the presence or absence of histologic patterns, there was also substantial
agreement, with a x value of > 0.6 for four of the 5 histologic patterns (all but acinar
pattern). For acinar pattern, although the k value was only 0.337, all pathologists agreed on a
high percentage of cases (82%).

Accuracy of Frozen Section for Prediction of Predominant Histologic Subtype and
Presence or Absence of Histologic Patterns

The accuracy of frozen section for prediction of predominant histologic subtype was 68% (k
= 0.565 [moderate agreement]; Table 3). With regard to the presence or absence of
histologic patterns, the highest accuracy rate was for acinar pattern (89%), followed by solid
(84%), lepidic (80%), papillary (72%), and micropapillary (67%). The sensitivity of frozen
section for detection of the presence of histologic patterns was highest for acinar pattern
(90%), followed by lepidic (75%), papillary (70%), solid (69%), and micropapillary (37%).
The specificity of frozen section was highest for solid pattern (96%), followed by
micropapillary (94%), lepidic (91%), papillary (79%), and acinar (67%).
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Reasons for the Discrepancy between Frozen Section Diagnoses and Permanent Section

Diagnoses

The reasons for the discrepancy between frozen section diagnoses and permanent section
diagnoses of predominant histologic subtype are summarized in Table 4. We found that
sampling error, which accounted for 62.7% to 74.1% of errors, was the major reason for
discrepancy. Interpretation error was the second most common reason for discrepancy,
accounting for 20.2% to 37.3% of errors. Sampling error plus interpretation error was rare,
accounting for 10.7% of errors.

Identification of Micropapillary and Solid Patterns in Frozen Sections Was Correlated with
Postoperative Disease Recurrence

We next attempted to investigate the correlation between histologic features and disease
recurrence; the results are shown in Figure 4.

As expected, when permanent sections were used, the predominant histologic subtype and
the presence or absence of micropapillary and solid pattern were correlated with disease
recurrence (P = 0.001 for predominant histologic subtype; P = 0.013 for micropapillary
pattern; and P < 0.001 for solid pattern). When frozen sections were used, the predominant
histologic subtype did not significantly correlate with disease recurrence (P = 0.071).
However, when frozen sections were used, even with the disadvantage of low sensitivity, the
presence or absence of micropapillary and solid patterns still helped to stratify patients with
respect to their risk of recurrence (P = 0.028 for micropapillary pattern; P = 0.003 for solid
pattern).

We further analyzed the pattern of recurrence with respect to histologic features. As shown
in Figure 5, the presence or absence of solid pattern in permanent sections (P = 0.001) and
frozen sections (P = 0.020) were correlated with locoregional recurrence. Distant recurrence
was significantly correlated with predominant histologic subtype, and the presence or
absence of micropapillary pattern in either permanent or frozen sections (Figure 6).

Accuracy and Interobserver Agreement for Degree of Invasion Using Frozen Sections

The details of the frozen section diagnoses for the 35 cases evaluated for degree of invasion
—to determine the accuracy and interobserver agreement for discriminating between AlS,
MIA, and invasive adenocarcinomas by the 5 pathologists—are summarized in Table 5.

The interobserver agreement for degree of invasion was not satisfactory. The x value was
0.378 (fair agreement), and only 15 cases (43%) had complete agreement among all
pathologists. The average accuracy rate of frozen section diagnosis was 64% (range, 54% to
74%). However, for the 5 cases that underwent specimen inflation at the time of frozen
section (Figure 7), the interobserver agreement seemed to be better (x = 0.578 [moderate
agreement]), and the average accuracy rate also increased to 80% (range, 60% to 100%).
The quality of frozen section slides for these 5 cases was also better. The evaluation of slide
quality for the cases with inflation was as follows: 68% were good, 32% were average, and
0% were poor. This is in contrast to the cases that did not undergo inflation: 24% were good,
44.7% were average, and 31.3% were poor. In the 2 cases of AlS, all pathologists made
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accurate interpretations using frozen sections. In cases of MIA, 6.7% of frozen section
diagnoses were AlS, 41.3% were MIA, and 52% were invasive adenocarcinoma. In cases of
LPA, 3.3% of frozen section diagnoses were AlS, 17.7% were MIA, and 79% were invasive
adenocarcinoma.

Discussion

For stage | lung adenocarcinomas, surgical resection is the standard of care in patients who
can tolerate the procedure. However, the extent of resection (ie, sublobar vs lobar resection)
is an area of controversy.> 8 A randomized trial by the Lung Cancer Study Group (LCSG)
showed that lobar resection was associated with better overall survival than sublobar
resection. There was also lower rate of local recurrence in lobar resection, but there was no
difference in the rate of distant recurrences in both groups.3® Similar results had also been
reported by a few more recent retrospective studies.31: 32 On the other hand, sublobar
resection has the advantage of preserving lung function, better perioperative morbidity and
mortality, and recently there were many studies demonstrating that well-selected use of
sublobar resection can yield comparable survival and recurrence rates to lobar
resection,33-39

In this study, we evaluated the accuracy of frozen section for predicting the predominant
histologic subtype according to the 2011 IASLC/ATS/ERS classification, as well as
interobserver agreement for frozen section diagnoses; the presence or absence of the 5 major
histologic patterns; and the degree of invasion. These histologic features have been shown to
correlate with clinical outcome,8-11 and if pathologists can learn how to accurately
recognize them by frozen section, they will be particularly useful for surgeons deciding the
extent of surgical resection to perform.

For predominant histologic subtype, we found that the accuracy of frozen section was not
satisfactory (68%; x = 0.565), and the diagnosis of predominant histologic subtype by frozen
section did not significantly correlate with clinical outcome. This is in contrast with the
observations published by Motoi et al., who reported 98.6% accuracy in predicting the
histologic subtype of the 75 adenocarcinomas in their study.4? Although the quality of
frozen section slides, tissue sampling from frozen sections, and pathologists’ diagnoses may
be variable between different studies, further investigation is required to answer this
question.

In terms of the presence or absence of micropapillary and solid patterns, although frozen
section suffered from poor sensitivity (37% for micropapillary; 69% for solid), the high
specificity was encouraging (94% for micropapillary; 96% for solid). Furthermore, the
identification of micropapillary and solid patterns using frozen sections correlated well with
postoperative disease recurrence. We have recently shown that the presence of a
micropapillary pattern is an independent predictor of recurrence in lung adenocarcinoma
patients who undergo limited resection in contrast to those who have lobectomy. This result
implied that lobectomy is probably more appropriate than limited resection in tumors with
micropapillary pattern. This brings new importance to the issue of recognizing a
micropapillary pattern in the frozen section setting, a problem that has received little
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attention previously.23 For solid pattern, although there is substantial evidence about its
impact on poor survival and disease recurrence,29-22. 41 the association between solid
pattern and locoregional recurrence in respect to the extent of surgical resection, to our
knowledge, had not been demonstrated. It remains to be determined whether there is a
benefit to perform lobar resection instead of sublobar resection in tumors with solid pattern.

In the hope of improving the accuracy of frozen section for identification of histologic
features, we analyzed the reasons for the discrepancy between frozen section diagnoses and
permanent section diagnoses. We found that sampling error, rather than interpretation error,
was the major cause of discrepancy. This result is reasonable, since lung adenocarcinoma is
notorious for its remarkable intratumoral histologic heterogeneity. Taking only 1 section
from the tumor in frozen sections may not be representative of the tumor’s predominant
histologic pattern, and minor histologic component in the tumor could be easily missed. To
reduce sampling error, taking more sections during frozen section may be a practical
approach. However, the costs and benefits of frozen section still require further evaluation.

To our knowledge, the present study is the first study to evaluate the interobserver
agreement for diagnoses of histologic patterns using frozen sections. Our results suggest that
there is good interobserver agreement in pulmonary pathologists regarding histologic
patterns using frozen sections. The paradoxical result we observed of high-percentage
agreement (82%) and low « value (0.337) for acinar pattern was likely attributable to the
fact that cases with acinar pattern were far more common than were those without it.2? This
is consistent with other reports evaluating interobserver agreement using permanent
sections. Warth et al.#2 reported that the interobserver agreement for diagnosis of
predominant histologic pattern using permanent sections was substantial for pulmonary
pathologists (x = 0.44-0.72) and fair for pathology residents (x = 0.38-0.47). Thunnissen et
al.*3 reported that, among 26 international expert pulmonary pathologists, the « values for
classical and difficult selected images of the major lung adenocarcinoma histologic subtypes
were 0.77 and 0.38, respectively.

In regard to AIS, MIA, and LPA, 79% of the interpretations using frozen sections were
accurate for LPA; however, only 41.3% were accurate for MIA, and more than half (52%)
of interpretations were overdiagnosed as invasive adenocarcinoma. Our findings concurred
with the recent study by Walts et al.** In their study, only 46% of MIA was accurately
recognized in frozen section, and there were 9% of deferrals and 46% frozen section errors
in cases of MIA. The most common frozen section errors were also overcalling MIA as
invasive adenocarcinoma. These results indicate that the degree of invasion is often
overestimated using frozen sections, and it is also very difficult to distinguish MIA from
LPA using frozen sections. Although frozen section is accurate for detection of the presence
of invasion, it is not an appropriate method for judging the degree of invasion. In frozen
section slides, alveolar spaces are frequently collapsed, which can make evaluation of
invasion quite problematic. The inflation method, as described by Myung et al.2> and Xu et
al.,26 has been shown to be able to expand the alveolar spaces in frozen section slides. In this
study, we included 5 cases in which the inflation method was performed during frozen
section, to evaluate the effect of inflation. Although the case numbers were too small to
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draw any conclusions, this method was promising, since slide quality, interobserver
agreement, and accuracy all seemed to improve in the cases with inflation.

From the results of our study, judging degree of invasion in frozen sections appeared to be
quite difficult, even for experienced pulmonary pathologists. Fortunately, these difficulties
may not lead to major problems in patient management. Multiple studies had demonstrated
that patients with AIS and MIA both had excellent prognosis, and hence there is little
clinical significance in the distinction between AlS and MIA in frozen sections.8: 10. 45, 46
For LPA, accumulating evidence indicates that it is only associated with minor risk of
recurrence, and more importantly, most patients with LPA who experienced a recurrence
had one or more potential risk factors for recurrence, such as close margin, lymphatic or
vascular invasion, or high grade histologic patterns.#>: 46 These results suggest that it might
be more important to identify these risk factors in frozen sections than to identify LPA itself.
Indeed, in addition to histologic patterns and degree of invasion, there are also many other
important histopathological features which may contribute to recurrence, such as
lymphovascular invasion, pleural invasion, perineural invasion, necrosis, and resection
margin status.*’~4? Although we did not evaluate these features in this study, identification
of these features in frozen sections may also be potentially of value in the management of
small early stage lung adenocarcinomas.

Our study has several limitations. First, this was a retrospective study with a time span of 15
years; therefore, the quality of frozen section and tissue processing could not be uniformly
controlled. This is a particular problem for the assessment of invasion as there was no
concerted effort at the time of frozen section to obtain high quality sections to address this
issue. Second, all 5 pathologists who participated in our study were pulmonary pathologists.
It remains to be determined whether our results also apply to nonpulmonary pathologists.
Finally, the frozen section diagnoses in this study were performed by pathologists without
the pressures of time or diagnostic accuracy, unlike real-life frozen section diagnosis in
clinical practice. It remains to be prospectively tested whether pathologists can achieve the
same performance in a real-life frozen section diagnosis situation.

In conclusion, our study shows that frozen section can provide useful histologic information
in lung adenocarcinoma, and it has high specificity for micropapillary and solid patterns.
Identification of micropapillary and solid patterns using frozen sections correlates with
postoperative disease recurrence. Therefore if these patterns are reported at the time of
frozen section, surgeons may consider using this information when making their decision
regarding the extent of surgical resection to perform. On the contrary, the degree of invasion
is frequently overestimated by frozen section, and we found that in this retrospective
material frozen section is not accurate in distinguishing MIA from LPA. Quality of the
frozen section is essential in the differential diagnosis of lepidic predominant tumors and the
retrospective material available to review in this study was a limiting factor since over 75%
of the slides were of average or poor quality. This emphasizes the need for improved
approaches in frozen sections especially for lepidic predominant tumors, such as the
inflation method. Correlation with CT findings to guide sampling particularly in those
adenocarcinomas with a significant ground glass component could be helpful. Hopefully
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these could improve the ability of frozen section to judge degree of invasion, and they
should be tested in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Lung adenocarcinoma patients
underwent surgical resection at
MSKCC from 1995 to 2009
(1540 patients)

No intraoperative FS
performed for tumor
(719 patients)

Intraoperative FS performed
for tumor
(821 patients)

Stage II to IV or tumor size
>3 cm
(129 patients)

Stage I & tumor size <3 cm
(692 patients)

Original FS slides not
available
(313 patients)

Original FS slides available

(379 patients)
Invasive mucinous
adenocarcinoma (17 patients)
and colloid adenocarcinoma
(1 patient)
Study cohort

(361 patients)

Figure 1.
Patient selection tree. Among the 1540 patients with lung adenocarcinoma who underwent

surgical resection from 1995 to 2009, intraoperative frozen section was performed on tumors
from 821 patients. Among these patients, 692 had stage | disease with tumor size <3 cm.
The original frozen section slides were available for 379 patients. Among these patients, we
excluded 17 cases of invasive mucinous adenocarcinoma and 1 case of colloid
adenocarcinoma. The remaining 361 cases constituted the study cohort. FS, frozen section;
MSKCC, Memorial Sloan-Kettering Cancer Center.
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Figure2.
Morphologic profile of histologic patterns in good-quality frozen section slides and the

corresponding frozen section control slides. Lepidic pattern (A, B), acinar pattern (C, D),
papillary pattern (E, F), micropapillary pattern (G, H), and solid pattern (I, J) in frozen
section and frozen section control slides, respectively. Hematoxylin and eosin stain; original
magnification x 200.
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Figure 3.
Morphologic profile of histologic patterns in poor-quality frozen section slides and the

corresponding frozen section control slides. Lepidic pattern (A, B), acinar pattern (C, D),
papillary pattern (E, F), micropapillary pattern (G, H), and solid pattern (1, J) in frozen
section and frozen section control slides, respectively. Hematoxylin and eosin stain; original
magnification x 200.
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Figure 4.
Kaplan-Meier curves for time to all types of recurrence stratified by predominant histologic

subtype, and presence or absence of micropapillary or solid pattern in permanent sections
and frozen sections.
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Figureb5.

Kaplan-Meier curves for time to locoregional recurrence stratified by predominant
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histologic subtype, and presence or absence of micropapillary or solid pattern in permanent

sections and frozen sections.
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Figure®6.
Kaplan-Meier curves for time to distant recurrence stratified by predominant histologic

subtype, and presence or absence of micropapillary or solid pattern in permanent sections
and frozen sections.
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Figure7.
An example of a case in which the frozen section inflation method was applied. The alveolar

spaces are well expanded, and the area of invasive growth (marked by “+”) could be easily
distinguished from the surrounding, noninvasive area (marked by “*”).
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Clinicopathologic characteristics of the patients

Variable No. (%)
All patients 361 (100)
Age, years, mean (range) 66.80 (23-89)
Sex

Female 235 (65.1)

Male 126 (34.9)
Stage

1A 321 (88.9)

B 40 (11.1)
Tumor size, cm, mean (range) 1.57 (0.2-3)

IASLC/ATS/ERS classification

Adenocarcinoma in situ 1(0.3)
Minimally invasive adenocarcinoma 18 (5.0)
Lepidic predominant 53 (14.7)
Acinar predominant 132 (36.6)
Papillary predominant 71(19.7)
Micropapillary predominant 24 (6.6)
Solid predominant 62 (17.2)
Presence of histologic patterns
Lepidic 248 (68.7)
Acinar 349 (96.7)
Papillary 270 (74.8)
Micropapillary 169 (46.8)
Solid 151 (41.8)

Histopathology. Author manuscript; available in PMC 2016 June 01.

Table 1

Page 21



1duasnuen Joyiny

Yehetal. Page 22

Table 2

Interobserver agreement for predominant histologic subtype and presence or absence of histologic patterns in
frozen sections

Parameter Cases all pathologistsagreed on, % (95% Cl) Fleissk
Predominant histologic subtype 64 (49-77) 0.662
Presence or absence of histologic pattern
Lepidic 72 (59-84) 0.632
Acinar 82 (69 -91) 0.337
Papillary 76 (62-87) 0.679
Micropapillary 76 (62-87) 0.650
Solid 84 (71-93) 0.737
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Table 3

Accuracy of frozen section for predicting predominant histologic subtype and presence or absence of
histologic patterns in permanent sections

Parameter Accuracy, % (95% Cl)  Sensitivity, % (95% CIl)  Specificity, % (95% CI) X

Predominant histologic subtype
Overall 68 (63-73) NA NA 0.565
Lepidic 90 (86-92) 75 (64-84) 93 (90-96) 0.681
Acinar 76 (71-80) 70 (61-77) 79 (73-84) 0.481
Papillary 85 (81-88) 62 (50-72) 91 (87-94) 0.527
Micropapillary 94 (91-96) 21 (9-40) 99 (97-100) 0.277
Solid 91 (88-94) 79 (67-87) 94 (90-96) 0.700

Presence or absence of histologic pattern
Lepidic 80 (76-84) 75 (69-80) 91 (84-96) 0.588
Acinar 89 (85-92) 90 (86-93) 67 (35-90) 0.252
Papillary 72 (67-77) 70 (64-75) 79 (69-87) 0.397
Micropapillary 67 (62-72) 37 (30-45) 94 (89-97) 0.321
Solid 84 (80-88) 69 (61-76) 96 (92-98) 0.670

NA, not applicable
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Reason for discrepancy between frozen section diagnoses and permanent section diagnoses

Table 4

No. (%) of each type of error

Parameters Sampling error  Interpretation error  Sampling +inter pretation error Total

Predominant histologic subtype
Overall 58 (69.0) 17 (20.2) 9(10.7) 84 (100)
Lepidic 8 (57.1) 5 (35.7) 1(7.1) 14 (100)
Acinar 19 (79.2) 4(16.7) 1(4.2) 24 (100)
Papillary 18 (78.3) 4(17.4) 1(4.3) 23 (100)
Micropapillary 5(41.7) 3(25.0) 4(33.3) 12 (100)
Solid 8(72.7) 1(9.1) 2(18.2) 11 (100)

Presence/absence of histologic pattern
Lepidic 32 (64.0) 18 (36.0) 0(0) 50 (100)
Acinar 20 (74.1) 7(25.9) 0 (0) 27 (100)
Papillary 44 (67.7) 21 (32.3) 0 (0) 65 (100)
Micropapillary 47 (62.7) 28 (37.3) 0 (0) 75 (100)
Solid 26 (72.2) 10 (27.8) 0 (0) 36 (100)
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Table 5

Frozen section diagnoses by 5 pathologists in 35 cases of AIS/MIA/LPA

Frozen section interpretation by 5 pathologists, %
Permanent section diagnosis

AlS MIA LPA Total
AIS(n=2) 100 0 0 100
MIA (n = 15) 6.7 413 52.0 100
LPA (n=18) 33 17.7 79.0 100

LPA, lepidic predominant adenocarcinoma; AlS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma.
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