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Abstract

Current classification of pulmonary adenocarcinoma includes non-invasive bronchioloalveolar
carcinoma, mixed subtype adenocarcinoma and several patterns of invasive carcinoma. The extent
of invasion in mixed subtype adenocarcinoma is variable, and prior studies suggest that estimates of
extent of desmoplasia or invasion and gross tumor size are predictors of survival. Pathologic review
of 178 consecutive primary lung adenocarcinoma resections from 1997-2000 was performed blinded
to outcome. Lymph node metastases were not present in adenocarcinomas with less then 0.6 cm of
invasion. In multivariate analysis and in strata adjusted for stage, measurement of linear extent of
invasion was significantly associated with survival while gross size measurement alone was not.
Significant differences in median survival were observed when patients were divided into non-
invasive, micro-invasive (<0.6 cm invasion) and invasive subcategories. In conclusion, among lung
adenocarcinomas, histologic assessment of invasive growth may provide valuable prognostic
information, and tumors with invasion under 0.6 cm have a more indolent clinical course after
resection.
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Introduction

Non-small cell lung carcinoma (NSCLC) histology is heterogeneous, yet staging and
conventional therapy for these tumors is homogeneous. Adenocarcinoma (AdCa) is the most
common histological subtype of NSCLC. This group is categorized into distinct patterns and
subtypes by the World Health Organization?”. As defined in 1999, bronchioloalveolar
carcinomas (BAC) are non-invasive AdCas that spread along alveolar walls by lepidic/
replacement growth. The category of mixed subtype AdCa was added in 20042 to include
tumors that had a component of invasion in a background of a lepidic/replacement growth
pattern.

In lung AdCa, the extent of the non-invasive component varies considerably and is associated
with clinical outcomes. This parallels malignancies in other organs, such as breast38:17 and
cervix’+10, that are defined as non-invasive (in-situ carcinoma), microinvasive (microscopic
invasion) or as invasive carcinomas. Notably, in the lung this scheme is most relevant in AdCa
compared with other non-small cell carcinomas because the extent of non-invasive component
is generally minor in squamous cell carcinoma and often absent in large cell carcinoma.

The clinical importance of lung adenocarcinoma invasion is supported by several recent
studies12:20:21,25,29 These studies indicate that the risk of death in non-invasive BAC tumors
and in tumors with less than 0.6 cm of fibrosis or linear invasion is significantly lower than
that of AdCa with greater extent of invasion. These results suggest that prognosis of BAC is
favorable and that prognosis is similarly favorable in a subset of mixed subtype tumors with
limited invasion (<0.6cm). However, important issues such as interobserver variability in
measurement of invasion, definitions of invasiveness in lung adenocarcinoma, and importance
of gross tumor size remain. In this study, we address these issues in a large case series of
primary lung adenocarcinomas consecutively resected at Columbia University Medical Center
between 1997 and 2000.

Materials and Methods

Lung cancer specimens from 178 consecutive primary lung AdCa resections spanning
1997-2000 were reviewed by two pathologists (ACB, FQ), blinded to lymph node and survival
status. Gross size was recorded as reported in the original pathology report. Slides were
evaluated for measurements of invasion, nuclear grade, mitotic activity, histologic subtype,
visceral pleural invasion and predominant histologic pattern. Criteria for nuclear grade were:
Grade 1- small uniform nuclei with absent or indistinct nucleoli and low amount of
pleomorphism, Grade 2 — intermediate size nuclei with irregular nuclear contours, identifiable
nucleoli, and moderate pleomorphism, and Grade 3 — marked nuclear pleomorphism ranging
to large nuclei with irregular nuclear contours and prominent nucleoli. Differentiation was
assessed using degree of gland or papillary formation as low (well formed glands or papilla),
intermediate (irregular or fused glands), or poor (solid growth or micropapillary). Mitotic rate
was counted over 30 high power fields and averaged to yield a mitotic score per 10 HPF. For
small tumors, a maximum number of fields were counted (up to 30) and the value adjusted to
10 HPF for analysis.

Invasion criteria were applied as follows: 1. invasion of pleura, vessels, and airways; 2. loss
of alveolar architecture with desmoplastic stroma; 3. gland shapes not conforming to pre-
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existing architecture; and 4. solid or papillary growth or other WHO pattern of invasive
adenocarcinoma. If invasive carcinoma was present on either side of a scar, the scar was
included in the measurement, but scarring or alveolar collapse distant from carcinoma was
excluded. Invasive size was measured linearly on histological sections (Figure 1F). The process
included both low and higher power assessment, dotting the boundaries of the invasive areas,
drawing a boundary line and taking the longest linear measurement. For tumors greater than
2.5 cm (approximate maximum size of a histologic section), that were predominantly invasive
(>50% invasion) it was assumed that invasive size was equal to gross size.

All tumors were staged pathologically using both the AJCC Cancer staging manual 6! edition
and using the revised TNM staging system that will be deployed in 20094, Survival data were
calculated as of September 30, 2007. Patient deaths were confirmed both by contact with the
patient's physician and by query of the Social Security Death Index. Survival was confirmed
by evidence of recent contact documented in the medical record or by report of the patient's
physician. Six patients were lost to follow-up. Sensitivity analyses indicated that these missing
data had no effect on the statistical analyses. The study was approved by the Columbia
Institutional Review Board (IRB).

Statistical analysis was performed using SPSS v. 14.0 (Chicago, IL). One-way ANOVA was
performed to test the association of variables with node status. For survival analysis, Cox
regression analysis was performed to create univariate and multivariate models for survival
analysis. Multivariate models were constructed using parameters identified as significant by
univariate analysis (p<.05). Analyses were performed in the following subgroups — all patients,
Stage 1 and 2 only, and Stage 1 only.

Patient characteristics of the four primary lung AdCa groups using previously described
strata?® of BAC, Microinvasive (<0.6 cm invasion), Mixed Subtype (AdCa with invasive and
BAC pattern), and Invasive (No BAC pattern) indicated that age and gender were similar across
the groups (Table 1). No lymph node metastases were seen in the BAC and microinvasive
groups. The most common invasive histologic pattern was acinar; no microinvasive tumors
had a micropapillary pattern.

The interobserver reliability of invasion measurements was examined in sixty consecutive
cases reviewed by three pathologists (ACB, AA, JE). For each case, the linear extent of invasion
(cm) and invasion category [BAC, microinvasion (< 0.6 cm invasion) and invasive (>= 0.6 cm
invasion)] were recorded. The intraclass correlation coefficient (ICC) for invasion
measurement was .854. For determination of invasion subclasses of BAC, microinvasive
adenocarcinoma and invasive adenocarcinoma, the kappa statistic between observers were .
49, .64, and .57, indicating a moderate level of agreement. These results are similar to those
reported by Noguchi and colleagues?® in their study of 32 cases evaluated by expert and non-
expert lung pathologists. Furthermore, our kappa values are comparable with those reported
for pathologic measurements of melanoma thickness?2 and for subclassification of breast and
prostate carcinoma®11.

We examined pathologic parameters associated with risk of lymph node metastasis. Nuclear
grade, visceral pleural invasion, differentiation, and invasive size, but not gross tumor size,
mitotic activity or necrosis was associated with lymph node metastasis (Table 2).

The majority of patients had stage 1 disease (71%), with Stage 1a patients not reaching median
survival time (Figure 2a). In anticipation of implementation of the new IASLC TNM Lung
Cancer Staging system, all patients were re-staged using the new scheme (Figure 2b). The main
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impact of this re-staging was an increase in Stage 2a patients and decrease in Stage 1b and 2b
patients. Results from all subsequent analyses were similar for both staging algorithms.

Survival was associated with AdCa invasive groups (Figure 3). The median survival for the
mixed subtype and pure invasive groups were 2421 days and 1980 days respectively, while
the median survival of the BAC (b) group and of the microinvasive group (mi) was not reached.
Survival of mixed and invasive tumors was significantly shorter than that of BAC or
microinvasive tumors (P < .05 in each instance).

Univariate and multivariate analysis was performed for all patients (n=172), all Stage 1 and 2
(n=146) and all Stage 1 (n=121) patients. In all patients using parameters significant by
univariate analysis in a multivariate model, risk of death was associated with age, invasive
size, lymph node metastasis, and visceral pleural invasion (Table 3), but not differentiation,
gender or gross size that were significant by univariate analysis. For Stage 1 and 2 patients,
age, invasive size, visceral pleural invasion and nodal metastases were independently
associated with risk of death, but gross tumor size and invasive differentiation were not (Table
4). Among Stage | patients, only age and invasive size were associated with risk for death
indicating that invasive size was an independent histopathological predictor of prognosis within
Stage 1 lung AdCa patients (Table 5).

Discussion

Our results indicate that the extent of invasion is independently associated with lymph node
metastasis and risk of death. In contrast, gross tumor size in AdCa was not independently
associated with risk of death. Prognostic factors in stage 1 NSCLC include tumor size and this
has been reported in tumor size strata of 3.0 cm16 and 2.0 cm1°. However, not all studies have
shown such a relationship!®. A potential explanation for the discrepancy between the
association of prognosis with gross tumor size is that this measurement assumes the majority
of the tumor mass reflects invasive tumor. Although this assumption is accurate for most
squamous carcinomas and large cell carcinomas, it does not apply to a substantial proportion
of lung AdCas. Therefore, results of prior studies could be confounded by the proportion of
mixed subtype AdCA included.

In 1999, the WHO classification defined bronchioloalveolar carcinoma as completely non-
invasive, and in 2004 created the term mixed subtype adenocarcinoma that included tumors
with invasion along with replacement or lepidic growth pattern. The mixed subtype
adenocarcinoma category however can include tumors with small foci of invasion or with
invasion that involves the majority of the tumor. This raises the question as to the threshold
extent of invasion that increases the risk of metastatic disease and death in solitary mixed
subtype tumors. Similar to parameters established for microinvasive cervical cancer or
microinvasive breast carcinoma, our results and those of others indicate that for lung
adenocarcinoma, 5 mm or less of invasion is biologically indolent.

In a study of 100 adenocarcinomas from 1987-1992 that were 3 cm or less, Suzuki et al®
measured invasion as defined by the size of fibrosis on low-power view. Similar to the finding
of Shimosato et al?3 published 20 years earlier, stratification of gross tumor size with a 2.0 cm
cut-off did not have survival impact. Using strata of less than or equal to 5 mm, 6 to 15 mm,
and > 15mm of fibrosis size, they reported 100% 5-yr survival for <0.6 cm group, 72% 5 yr
survival for 0.6-1.5 cm group and 57% 5-yr survival for >1.5 cm. Multivariate analysis
indicated that fibrosis size but not pleural invasion were associated with lymph node metastasis
and vascular invasion. No lymph node metastases were detected in tumors with less than 0.6
cm of fibrosis, which is consistent with our findings. More recently, Sakurai et al?! examined

Am J Surg Pathol. Author manuscript; available in PMC 2010 November 18.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Borczuk et al.

Page 5

380 peripheral AdCa less than or equal to 2 cm. Only 3.3% of the 91 patients with fibrosis less
than 0.6 cm had recurrence, and importantly 100% were alive at seven years.

All of the above studies were conducted in Japan, raising concern that these findings may not
generalize internationally. However, in a European study, Rena et al2? examined 28 BAC and
80 AdCas, and reported a lower rate of recurrence and a higher rate of disease-free survival in
BAC patients. Most recently, a US based study 2° demonstrated increased survival in tumors
with less than or equal to 5 mm of invasion in stage 1 and 2 lung AdCa. The data presented in
our current study are consistent with these prior studies from Europe and North America and
suggest that the cut-off of 0.5 cm of invasion for acquisition of nodal metastatic potential and
the importance of invasive size in mixed subtype tumors established by studies from Japan
generalize to lung AdCa worldwide.

In the course of these studies there has been a focus on non-mucinous bronchioloalveolar
carcinoma. Pure non-mucinous bronchioloalveolar carcinomas, when solitary, are associated
with excellent 5 and 10-year survival and are not associated with lymph node metastasis. When
measured invasive size (linear extent of invasion) or size of fibrosis as a surrogate for invasion
is greater than 5 mm, the rate of node metastasis increases and survival rates decrease.

Recent reports of computed tomography imaging of pulmonary nodules suggest correlations
between nodule image features and invasion. The correlation between a bubble-like3C or air-
density containing tumor (called a ground glass opacity or GGO) and BAC histology has been
reported, and conversely, the detection of solid components within a nodule is frequently
associated with invasion. In a series of 69 cases of CT scan detected GGO, Suzuki et al?* found
that of 38 pure GGO nodules without solid areas, 32 were BAC and 6 were AdCa. Similarly,
Nakatal4 reported 62 of 70 pure GGO were BAC, and that of pure GGO and mixed GGO
lesions less than 1.0 cm, 4 of 60 or 6.6% were AdCa. Takashima et al2% reported that patients
with Noguchi A (replacement growth, no fibrosis) and Noguchi B (replacement growth,
fibrosis) tumors had better survival than those with Noguchi C and D (both invasive) lesions,
and that lesions with a GGO percentage of greater than 57% were associated with longer
survival. Other studies have shown that high percentage GGO lesions are more likely BAC,
although mixed adenocarcinomas are also seen as GGO lesions, and BAC lesions are identified
among tumors with <50% and <10% CT scan GGOX. In another series, 94% of Noguchi A
were pure GGO, and Noguchi A, B and C lesions had 92%, 52% and 20% GGO component,
respectively?8. Thus while the evaluation of GGO contribution in lung adenocarcinoma
nodules is a potentially useful prognostic predictor!:13, it is most useful in tumors less than 1
cm.

Thus, although small pure and mixed GGO may correlate with AdCa pathology, it is also clear
that some cases are not predicted by this approach and that interobserver reliability may impact
this clinical decision?. It is possible that measurement strata (such as 0.5 cm) that create
categories will be replaced by numerical measurements to be used in prognostic nomograms.
This may reduce the impact of interobserver error as evidenced by only moderate kappa score
for categories and higher intraclass correlation for the absolute measurement. In addition, PET
scanning may provide useful correlative information, as a positive PET lesion may have a
greater likelihood of invasion®:. It is possible that the contribution of molecular data acquired
from biopsy material (such as EGFR and Kras mutation status and selected gene amplification
studies) may also help stratify patient prognostic groups and guide therapy.

Frequently, a small solitary GGO nodule is managed by a period of observation, and resection
follows if there is evidence of interval growth. As noted above, radiologicpathologic correlation
studies suggest that pure GGO lesions are associated with excellent prognosis. Our pathologic
data and those of others consistently indicate that a small focus of invasion, less than 0.6 cm
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in these lesions does not affect prognosis. Prospective studies to examine pathologic and
radiologic correlation of nodule invasion with clinical risk for metastasis, recurrence and death
will provide useful information that will guide clinical practice and future classification
schemes for AdCa. It is clear that the extent of invasion is an independent prognostic factor
for lung adenocarcinoma. Consideration of modifying staging criteria for AdCa to include a

p

re-invasive Tcis and microinvasive Tmic category is warranted and may have considerable

clinical importance.
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Figure 1. Histology of pre-invasive bronchioloalveolar carcinoma and invasion in AdCa

(A) BAC shows irregularly collapsed slightly thickened alveolar walls.

(B) Alveolar walls are lined by uniform low columnar neoplastic cells.

(C) Microinvasive AdCa with a predominant BAC/lepidic pattern and a solid area (arrowhead).
(D) The solid area in (C) shows irregular glands amidst a fibroblastic stroma.

(E) Irregular angulated glands in a fibrous stroma within an invasive focus.

(F) The extent of the invasive focus (black circle) seen in (E). The black line represents the
linear measurement of invasive size.

(A-F, Hematoxylin and eosin stain - Original magnification - Panel A x 10, Panel C, F x 5,
Panel B, D and E x 150).
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Figure 2. Distribution and survival times of patients by pathologic staging

(a) Kaplan Meier curves of patient survival by pathologic stage and median survival

(b) Comparison of stage distribution of patients using existing pathologic staging with the
proposed IASLC staging projected for year 2009 implementation.
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Figure 3. Survival curves by invasive size parameter, all patients

Kaplan Meier curves showing survival of patients divided into 4 groups based in invasiveness
with BAC (solid black), Microinvasive (dotted black), Mixed subtype (dash dot) and invasive
(solid gray). The median survival is recorded by group. Log rank testing was performed
between all categories and only significant statistical comparisons are reported.
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Univariate analysis, all patients, of pathologic parameters and lymph node status.

Parameter Statistic™ | p-value
Gross size 319 573
Invasive size 12.8 .001
Nuclear grade 4.1 .046
Mitotic activity 227 .634
Differentiation 8.2 .001
Visceral pleural invasion | 5.9 .018
Necrosis .396 532
*
One way ANOVA
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Table 3
Effect of clinical and pathologic parameters on survival time by univariate and multivariate analysis, all
patients”
Parameters Univariate Multivariate
Age 1.033 (1.01-1.057), p=.005 | 1.039 (1.01 - 1.062), p=.001

Female Gender

0.63 (414 -.958), p=.031

NS, .72 (.469 - 1.103), p=.131

Gross size

1.142 (1.01 - 1.027), p=.034

NS, 1.12 (.966 - 1.287), P=.137

Invasive size

1.194 (1.074 - 1.31), p=.001

1.16 (1.03 - 1.31), p=.016

Nodes

2.6 (1.65 - 3.91), p=.0001

2.02 (1.39 - 3.2) p=.002

Visceral pleural invasion

2.12 (1.36 - 3.30), p=.001

1.61 (1.006 - 2.6), p=.047

Predominant histology NS NS
Mitotic rate NS NS
Necrosis NS NS
Nuclear Grade NS NS
Invasive differentiation 1.46 (1.10 -1.95), p=.01 NS
Invasive diff (poor vs well/mod) 1.51 (.973 - 2.33), p=.066 NS

*
n=172, 6 patients lost to follow-up
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Table 4

Effect of clinical and pathologic parameters on survival time by univariate and multivariate analysis, Stage 1 &
2 only”

Parameters Univariate Multivariate

Age 1.03 (1.01 - 1.06), p= 0.028 1.03 (1.01 - 1.06) p=.03

Gender NS NS

Gross size NS, 1.14 (.992 - 1.32), p=.064 | NS, 1.15 (.979 - 1.346) p=.088

Invasive size 1.22 (1.09 - 1.36) p=.001 1.19 (1.04 - 1.34) p=.006

Nodes 2.65 (1.58 - 4.47) p=.0001 2.2 (1.29 - 3.74) p=.004

Visceral pleural invasion

2.21 (1.33 - 3.66) p=.002

1.70 (1.007 - 2.88) p=.047

Predominant histology NS NS
Mitotic rate NS NS
Necrosis NS NS
Nuclear Grade NS NS
Invasive differentiation 1.49 (1.085 - 2.04) p=.014 NS
Invasive diff (poor vs well/mod) 1.53 (.94 - 2.5) p=.09 NS

*
n=146, 6 patients lost to follow-up
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Table 5

Effect of clinical and pathologic parameters on survival time by univariate and multivariate analysis, Stage 1
only™

Parameters Univariate Multivariate

Age 1.04 (1.01 -1.08) p=.016 1.05 (1.01 - 1.08) p=.006

Gender NS NS

Gross size NS, 1.14 (.973-1.342) p=.104 NS

Invasive size 1.20 (1.06 - 1.37), p=.004 1.25 (1.09 - 1.42) p=.002

Visceral pleural invasion NS, p=.179 NS

Predominant histology NS NS

Mitotic rate NS NS

Necrosis NS NS

Nuclear Grade NS NS

Invasive differentiation NS NS

Invasive diff (poor vs well/mod) NS NS

*
n=121, 6 patients lost to follow-up
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